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APPENDI X A
DESI GN CONS| DERATI ONS

1.0 | NTRODUCTI ON.

Filter presses have been used successfully to dewater and
reduce the volune of sludge for donestic wastewater treatnent
facilities since the md-1800s. However, it was not until around
1970 that they received w despread acceptance as a practical
sl udge-dewatering alternative. In addition to traditional
wast ewat er applications, filter presses are currently being used
and may be the nost appropriate dewatering option to reduce and
m nimze the volune of sludge being generated fromwater and
wast ewat er and ot her treatnent operations at hazardous, toxic,
and radi oactive waste sites, including those type of projects
bei ng perfornmed for the Corps of Engineers.

1.1 PURPOSE

Thi s appendi x provi des desi gn consi derations for engi neering
and design of plate and frame filter presses. These engi neering
and design procedures will be applicable to all Corps of
Engi neers projects. However, this docunentation is specifically
applicable to the hazardous, toxic, and radioactive waste (HTRW
progranms and should be adapted to the requirenents of other
progr amns.

1.2 SCOPE.

Thi s docunent covers the applicability and use of plate and
frame filter press technol ogy, equipnent, and ancillary
t echnol ogi es and equi pnment. Two primary systens are descri bed:
fi xed-vol unme and vari abl e-vol une (di aphragm recessed plate and
frame filter presses.

1.3 REFERENCES.

A list of references, other supporting docunmentation, and
literature used in the devel opnent of this appendix is presented
i n Appendi x D, Bibliography.

1.4 BACKGROUND

Pressure filtration for dewatering sludge evolved froma
simlar technol ogy used to manufacture sugar by forcing juices
t hrough cloth (EPA 1979). The technol ogy was first used
successfully during the md-1800s in England for dewatering
sl udge wi thout chem cal precipitation (WPCF 1983). The technol ogy
was first used in the United States from 1898 to 1917 in
Wor cester, Massachusetts. However, until the 1970s, filter
presses did not receive w despread consi deration because of high
| abor and operation requirenents. Because of nechanization and
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automation of internal systens, such as plate-shifting, cake

di scharge, and filter cloth washing froma batch to an aut onmated
system the overall |abor requirenent decreased dramatically. In
addition, the capacity size of these units increased
substantially, decreasing the nunber of presses required and,

t hus, reducing overall operations and | abor requirenents.
Currently, recessed fixed- and variable-volume filter presses are
used for both nunicipal and industrial applications.

1.5 THEORY.

Pressure filtration is the separation of suspended solids
froma liquid slurry using a positive pressure differential as
the driving force. In general terns, filter pressure dewatering
may be described as a conbination of constant flow rate and
constant pressure processes. In the beginning of the filter
cycle, a constant flowrate is used to build a maxi num punpi ng
head. When the maxi num punpi ng head i s achieved, the system
swtches to a constant pressure until the flow rate dimnishes to
a predefined | ow | evel.

The plate and frane filter press process typically operates
in a batch filtration cycle that involves the foll ow ng steps:
initial fill, increasing cake formation, approachi ng constant
pressure filtration, and cycle term nation. A schematic
rel ati onship of pressures, flow rates, and cycle tines of the
filtration cycle is presented in Figure A-l. During the initial
fill period, sludge is fed into the press at a relatively high
and constant feed rate and a relatively | ow pressure. As the
press fills and solids accunulate on the filter media, cake
formation increases, flow rate decreases, and pressure increases.
As the filter cake formation continues, filtration flowis
severely restricted by a change in the porosity of the cake, and
the pressure increases to a near constant rate. At a set
pressure point, the constant pressure will be naintained while
all ow ng the continued accunul ation of solids. As this step
continues, the flow rate decreases until dimnished and the
filter cycle is term nated.

1.6 DEFI NI T1 ONS.
The foll ow ng provides definitions for ternms used throughout
t hi s appendi x:

Bl i ndi ng: Adverse particle accurul ation or clogging of filter
cloth or nedia.

Cake Solids: The anmount of solids in the sludge cake after it
has been dewatered. The termis typically expressed in percent
solids where 1 percent is approximtely 10,000 ng/L solids.

A-9
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Coth Dog: A protrusion fromthe rimof a non-gasketed plate
over which grommets of the filter nedia are hooked.

Coaqul ation: Floc formation as the result of addi ng coagul ati ng
chem cals. Coagul ants destabilize (reduce repul sive forces)
suspended particles, allowing themto aggl onerate.

Condi ti oning: The act of pretreating sludge (before dewatering)
to enhance water renoval or solids capacity by the addition of

i norgani ¢ and organi c chem cals, solids washing (elutriation), or
thermal treatnent.

Core Blowing: The act of renoving liquid sludge fromthe sludge
feed port with conpressed air before sludge cake di scharge.

Cycle Tinme: The tinme, typically defined in m nutes or hours,

that is required to filter one batch of material. This tinme
includes the filtration period, core and air bl owdown period, and
sl udge cake di scharge tine.

Dewat eri ng: Reduction of noisture content in sludge, which
usually results in solids concentrations of 12 to over 50 percent
sol i ds.

Di aphragm An el astoneric or polypropyl ene nenbrane attached to
the surface of the filter plate of a variable-volune filter press
that is used to provide the “squeezing” force during the
“filtration” cycle by application of pressurized water or air.

Feed Solids: The total amount of solids in the sludge feed. This
termis usually expressed as a weight percent of the dry solids
feedi ng the press.

Filter Cake: The volunme of solids plus water that is retained
within the filter press.

Filtrate: The liquid renoved fromthe sludge during the
dewat eri ng process.

Filtration Area: The total surface area through which the sl udge
is filtered. This area is typically a major factor that governs
the rate at which the filter press will handl e the sludge feed
slurry.

Filtration Volune: The volunme of sludge feed slurry that can be
passed through the filter press before it is necessary to renove
t he sl udge cake.
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Filtration: The act of separating solid particles froma liquid
by passing it through a porous nedia.

Filtration Rate: The average rate that a particul ar sl udge
slurry will pass through a press, usually expressed in terns of
liters per hour per square neter of filter area (L/nt.h) (gallons
per hour per square foot of filter area [gph/ft?]).

Fl occul ation: Aggloneration of colloidal particles to forma
| ayer of particles that will settle at a faster rate.

Fi xed-Volunme Press: A plate and frane press that produces a
sl udge cake in chanbers fornmed by fixed-area filter plates.

Precoat: A material used to coat the filter nmedia in the filter
press before the initiation of sludge feeding. The primary
function of this nmaterial is to ease sludge cake renoval and
prevent the nedia fromblinding, thus reducing the filtration
rate of the sludge.

Recessed Plate: A filter plate constructed with a cavity that
forms half of the chanber where the sludge cake develops in a
plate and frame filter press.

Sludge: Solid and semsolid materials renoved fromthe |iquid
wast ewat er stream by a wastewater treatnent process.

Stabilization: A sludge pretreatnent process used to make
treated sludge | ess odorous and putresci bl e and reduce the

pat hogeni ¢ organi sm content before final disposal. Stabilization
results in a reduction of gelatinous organic materials that tend
to retard or slow filtration of sludge.

Stay Bosses: Raised surfaces on the interior nain surface of the
plate used to mnimze plate deflection under operating
conditions. When the filter is closed, the faces of bosses of

adj acent plates contact one another, in effect, formng solid
colums fromone end of the filter to the other.

Thi ckening : A sludge pretreatnent process used to increase the
solid content or decrease the noisture content in sludge prior to
the primary dewatering process. The solids concentration of the
resultant sludge is typically 3 to 12 percent.

Thi xotropic: A characteristic of certain materials, often
associated wth sludge, that refers to a tine-dependent change of
decreasing viscosity and resultant fluid-type characteristic that
occurs because of applied agitation or shearing force, followed
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by a gradual recovery or “setting up” when a agitation or
shearing force is stopped. An exanple of this characteristic is
an ice cream m | kshake, which “sets up” inits container and wll
only flow out when the container is rapped or jarred several
times. O her exanples include drilling nmuds, mayonnai se, and

pai nts.

Vari abl e-~olune Press: A plate and frane press that forns a

sl udge cake in chanbers, fornmed by filter plates equipped with
menbr anes or di aphragns that are expanded with water or air
pressure to provide the primary “squeezing” force at the end of
the filtration cycle process.

1.7 OBJECTI VES.

The overall objective of this appendix is to provide
engi neering and design details for the application and use of the
plate and frame filter press technol ogy, equipnent, and ancillary
t echnol ogi es and equi pnent. This appendi x al so includes a
di scussion of the differences between the two plate and frane
filter press systens (i.e., recessed fixed-volunme and vari abl e-
vol une [di aphragm recessed plate and frame filter presses).

2.0 PRINC PLES OF OPERATI ON.

The recessed plate and frane press consists of a series of
pl ates, supported in a frame, that contain adjacent (facing)
recessed sections that forma volunme into which Iiquid sludge can
be transferred for dewatering. The plates that formthe recessed
chanbers are lined with filter nedia to retain sludge solids
while permtting passage of the filtrate. The plates are also
designed to facilitate filtrate drainage while holding the filter
medi a i n pl ace.

During the filtration cycle, sludge is punped under varying
pressures and flow rates into the volune fornmed between the
plates. As the filtration process continues, the filtrate passes
through the solid cake and filter media. This process continues
until a termnal pressure or mnimumflow rate is achieved.

The two types of plate and franme filter presses typically
used in dewatering sludge are fixed-volune and vari abl e-vol une
presses. The fixed-volunme systemis the nore commonly used
press. However, the variabl e-volune press, otherwi se referred to
as the di aphragm or nenbrane press, has becone nore popular in
recent years. Following is a brief overview of both presses.

2.1 Fl XED- VOLUME PRESS.

The fixed-volunme press consists of a nunber of plates held
rigidly in a frame to ensure alignment. The plates are typically
pressed together hydraulically or electronmechanically between a

A-13



ETL 1110-3-457
30 SEP 94

fi xed and noving end of the press. The sludge is typically fed
through a large, centralized port in each plate, as shown in
Figure A-2, although sone presses are corner fed. Entrained
water is then forced out through filter nmedia covering each plate
to drai nage ports |located at the edges of the recessed area of
each plate. As the filter cycle begins, conditioned sludge is
fed into the filter press while the closing device holds the
plates firmy together. The inlet sludge feed punp pressure
typically ranges from 690 to 1550 kPa (100 to 225 psi). As this
portion of the filtration cycle continues, the solids accumul ate
on the filter nedia in the plate cavity, and filtrate is forced

t hrough the plate drai nage channels. This portion of the
filtration cycle continues until a maxi num pressure i s obtai ned.
Thi s maxi num desi gn pressure is then maintained for a period
during which nore filtrate is renoved and the desired cake solids
content is achieved. The filtration cycle is typically

term nated when a practical low feed rate is achieved (typically
5to 7 percent of the initial or maxinmumflow rate). The sl udge
feed punping is term nated, and the individual plates are
separated, allow ng the sludge cake to be discharged.

2.2 VARI ABLE- VOLUME PRESS.

The vari abl e-vol une press operates simlarly in principle to
the fixed-volunme press. However, the variabl e-vol unme press
i ncorporates a flexible nmenbrane across the face of the recess
plate. A schematic of a variable-volune filter press and filter
cycle is showmn in Figure A-3. The initial step of the filter
cycle is simlar to the fixed-volune press, but the pressure of
the sludge feed is typically |Iower and ranges from 860 to 900 kPa
(125 to 130 psi) (EPA 1982a). Filter cake formation starts when
feed punping is initiated. The initial fill time is generally
when either an instantaneous feed rate, filtrate rate, or cycle
time (typically 10 to 20 mnutes) is achieved. After the press
is filled, the sludge feed punp is turned off, and the filter
cake formation is started. The nenbrane is pressurized with
conpressed air or water to between 1520 to 1920 kPa (220 to 285
psi), thereby conpressing the cake. Typically, 15 to 30 m nutes
of constant pressure are required to dewater the sludge cake to
the desired solids content. Wen the conpression cycle is
conpleted, the air or water is released from behind the
di aphragm the plates are separated, and the cake is renoved.
The introduction of this conpression or squeezing step decreases
the overall cycle tine required to produce the sludge cake. In
addition, the resultant cake is typically drier than those
generated by a fixed—volune press. However, the variabl e-vol une
press typically generates | ess volunme per cycle, the cakes are
much thinner, and the press is typically nore autonated.
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Therefore, it is nore expensive than the fixed-vol unme press
(e.g., as much as two to three tines the initial cost based on
t he sanme sl udge cake vol une generated).

2.3 COVMON PRI NCI PLES OF OPERATI ON.

For either type of press, the filtration cycle is conplete
when mninmumfiltrate flowis achieved and/or the cycle tinme is
conpleted. Before the plates are separated to renpove the sl udge
cake, the sludge punp is stopped, and core blow ng may be
performed. Core and air blowi ng are commonly used, and
recommended optional features that may be required for filter
press applications, except those with smaller presses, those with
[imted operation, or those for non-HTRWsites. Core and air
bl owi ng i nvol ves applying conpressed air to renove |iquid sludge
fromthe feed and filtrate ports. This core bl ow ng keeps
unprocessed or wet sludge fromrunning over the plates when
separated and blinding filter nedia. A manual or automatic
mechani cal plate shifting device then controls the cake renova
by separating the plates one at a tine. For the fixed-volune
press, the sludge cake is renoved primarily by gravity onto
sl udge handling facilities |ocated below the press. Sludge cake
renmoval fromthe variabl e-vol une press may be enhanced by a
mechani cal systemthat shifts the filter cloth around the bottom
of each plate and then back into place when the plate is
separated. After the press is opened, the cake is typically
dropped fromthe chanbers through cake breakers to break the
rigid cake into a nore easily handled form Foll ow ng cake
renmoval, periodic filter nedia washing may be perforned to renove
residual particles bound to the filter nmedia by the high
pressures incurred during the filter cycle. |If linme is used to
condition the sludge before it is fed into the filter press, acid
washi ng may al so be perforned periodically to renove |line scale.

2.4 OVERVI EW OF FI LTER PRESS DEWATER SYSTEM

The maj or conponents of the recessed filter plate include
the frame, plates, filter cloth, plate closing nmechanism and
pl ate shifting mechanism These conponents are di scussed in
detail in Section 4.7. 1In addition to the prinmary conponents
|isted above for the recessed plate and frane system the
foll ow ng processes and associ ated accessories and auxiliary
equi pnent are used to support its operation: liquid sludge
transfer, chem cal conditioning, filter precoating, filter nedia
washi ng, and sludge cake and filtrate managenent. Descriptions
and design considerations for these auxiliary conponents are
presented in Section 4.0.
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3.0 FI LTER PRESS APPLI CABI LITY.

This section presents a concise overview of sludge
characteristics and dewatering system options, a conparison of
filter press applications versus other dewatering processes, and
typical filter press performance dat a.

3.1 SLUDGE CHARACTERI STI CS AND DEWATERI NG SYSTEMS OPTI ONS.

Sl udge properties to be considered when sel ecting a sludge
processi ng systeminclude the origin and type of sludge; quantity
of sludge generated; noisture content; solids percent; and
chem cal conposition and biol ogi cal properties of the sludge
i ncl udi ng bi odegradability, specific gravity, rheol ogical
properties, dewatering properties, and suitability for use or
di sposal w thout further processing.

Sl udge production is primarily dependent on its point of
generation and nmechani sm and treat nent process used. Typi cal
types of sludge generated fromwater treatnent processes can be
categori zed as primary sludge, biological sludge, and chem cal
sludge. Following is a summary of the generation, conposition,
and characteristic of each of these types of sl udge.

Primary Sludge. Primary sludge is typically generated by
solids separation or sedinentation and gravity settling to renove
settleable solids. This sludge consists primarily of organic
solids, grit, and inorganic fines. This sludge is typically
punped to downstream processing facilities for thickening,
condi tioning, and dewatering prior to disposal.

Bi ol ogi cal Sludge. Biological sludge, a termtypically
associ ated wi th nunici pal -type sludge but which al so applies to
i ndustrial and HTRW sl udge, is generated by biol ogical treatnent
processes, such as activated sludge, and fixed film bioreactors.
This sludge consists primarily of conversion products from
organics in the primary effluent and suspended particles that
escaped the initial treatnent. This type of sludge is generally
more difficult to thicken and dewater than prinmary and chem cal
sl udge.

Chem cal Sludge. Chem cal sludge is generated fromthe
precipitation of suspended solids by the addition of chem cals,
such as alumnumor iron salts, line, and/or polyners. The iron
and alum numsalts, lime, and polyners are primarily used for
fl occul ati on and coagul ati on of the suspended solids. Paraneters
that affect the characteristics of chem cal sludge include: the
wast ewat er conposition (chemstry), pH, mxing, and reaction
time. Chem cal sludge nay al so consist of suspended solids, in
addition to potentially toxic material |oadings and industry
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specific conponents (i.e., heavy netals from netal processing
i ndustries).

In addition to these three primary sludge sources, m xed
sl udge can al so exist. M xed sludge may consi st of a conbination
of primary, biological sludge, and or chem cal sludge and w |
have properties that are proportional to the respective
conposition of each original type of sludge.

Sel ection of the appropriate sludge dewatering process
depends on several factors, including ultimte disposal or use,
potential side streanms, and |ocal, state, and federal | aws.
Several anal yses can al so be used to determ ne the optinum sl udge
dewat eri ng process, including an initial screening of dewatering
processes, an initial cost evaluation, |aboratory (bench—scale)
testing, field (pilot-scale) testing, and a final evaluation
based on detail ed design paraneters. Additional criteria for
consideration include integration with proposed or existing
wast ewat er treatnent equi pnent and technol ogi es, operation and
mai nt enance costs, reliability of the dewatering device existing
site and environnmental constraints, and conpatibility with the
ultimate di sposal nethod. An overall general block diagram
showi ng typical solids handling treatnment and di sposal nethods is
shown in Figure A-4.

3.2 COVPARI SON W TH OTHER DEWATERI NG PROCESSES.

An overall conparison of mechani cal dewatering devices used
for various sludge applications is shown in Table A-1.
Mechani cal dewatering devices include the centrifuge, vacuum
filter, belt, and pressure filter (i.e., fixed—olunme and
vari abl e—vol une press) presses. The followi ng trends were noted
fromthis information:

' The solid bow centrifuge and vacuumfilter presses
generate simlar results.

The belt filter press results are better than those for
centrifuge and vacuum filter presses, but are not as
good as the plate filter press results.

The fixed-volune plate filter presses will produce 6 to
10 percent drier cake than the continuously fed systens
(i.e., centrifuges, vacuum and belt presses).
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TABLE A-1
COVPARI SON OF MECHANI CAL SLUDGE DEWATERI NG PROCESSES
FOR VARI OUS SLUDGE APPLI CATI ONS
Percent Total Dewatered Cake Solids
Fi xed
Vol um
e Vari abl e
Filte |-Volune
Solid Bow | Vacuum | Belt r Filter
Type of Sludge Centrifuge |Filter Press Press | Press
Met al Finishing Waste 15-25 15-25 NR 40-55 | NR
Muni ci pal : Primary (P) 29-35 25-32 32-38 40-46 | 44-50
Muni ci pal : Raw Wast e 14- 20 12-18 13-19 27-33 | 30-36
Acti vated Sl udge (WAS)
Muni ci pal : Di gested P 27-32 22-29 29-33 40-46 | 43-50
Muni ci pal : Di gest ed 20-24 16-21 16-21 33-39 | 36-42
P&WAS
Muni ci pal : Di gest ed WAS 12-16 9-14 11-16 25-32 | 30-35
Muni ci pal : Thermal |y 29-35 30- 36 30- 36 46-51 | 49-54
Condi ti oned P and WAS
Muni ci pal : Raw Tri ckling | 14-20 13-18 13-20 26-32 | 29-3
Filter (TF)
Muni ci pal : Di gested TF 16- 20 13-19 14- 20 NR NR
Muni ci pal : Raw P and TF 21-26 18-23 21-26 31-36 | 34-40
Muni ci pal : Di gested P 20- 25 17-23 20- 25 29-34 | 33-38
and TF
Muni ci pal : Water Al um 12-15 15-20 NR 40-50 | NR
Tr eat ment
Petrol eum | ndustry 10- 15 15-20 15-20 35-50 | NR
Pul p and Paper Industry | 25-35 20- 30 NR 35-40 | NR
NR - Not Reported
P - Primary Sl udge
WAS - Waste Activated Sludge
TF - Trickling Filter Sludge
Sour ce: EPA 1982b and 1987, Eckenfel der 1981.
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I The variable-volune filter press can increase cake
solids by an additional 3 to 5 percent over the fixed-
vol une filter press.

Overall, these results denonstrate that hi gher cake solids
may be obtained by use of the plate and frane filter presses.

Filtration using the plate and franme filter press is
generally desirable for sludge with poor dewatering
characteristics or for sludge that requires a solids content nore
than 30 percent, such as sludge that is disposed of by
incineration. |In general, if sludge characteristics, such as
concentration, are expected to change over a normal operating
period, or if mniml conditioning is required, the vari abl e-
vol unme press may be sel ected over the fixed-vol une press.

The sections that foll ow conpare general advantages and
di sadvant ages of the plate and franme filter press with other
dewat eri ng processes. The advantages and di sadvant ages of the
vari abl e-vol unme recessed filter press versus the fixed-vol une
recessed filter press are also presented. The advantages and
di sadvantages for filter press conpared with other dewatering
systens are sunmarized in Table A-2. The advantages and
di sadvant ages of fixed-volune filter presses versus vari abl e-
volunme filter presses are summarized in Table A-3.

3.2.1 Advant ages.

As shown in Table A-2, plate and franme filter presses have
several advantages conpared with other sludge dewatering systens.
A high cake solids content (typically 30 to 50 percent) can be
achieved, which is 6 to 10 percent higher than other dewatering
systens. A very high solids capture (98 percent) can be
obtained. Hgh filtrate quality can be achi eved, which | owers
recycle streamtreatnent requirenents. This system can dewater
har d-t o- dewat er sludge and sl udge of varying characteristics and

is mechanically reliable. 1In addition, this type of system nmay
be the only system capabl e of dewatering sludge dry enough to
meet landfill requirenents in sone areas.

As shown in Table A-3, the vari abl e-vol unme press system has
several advantages over the fixed-volune press system First,
t he vari abl e-vol une system produces a dryer cake (typically 3 to
5 percent) of nore uniformnoisture content. Second, the
vari abl e-vol une press has a shorter cycle tinme and, thus, a
hi gher production throughput. This shorter cycle tine is a
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TABLE A-2
ADVANTAGES AND DI SADVANTAGES OF
FI LTER PRESS SYSTEMs COMPARED
W TH OTHER DEWATERI NG PROCESSES

Advant ages

Di sadvant ages

Hi gh solids content
cake.

Can dewater hard-to-

sl udges.

Very high solids
capture

Only mechani cal device
capabl e of producing a
cake dry enough to
meet |andfill

requi renents in sone

| ocati ons.

Large quantities of inorganic conditioning
chemicals are comonly used.

Very high chem cal conditioning dosages or
dewat er thermal conditioning may be
required for hard-to-dewater sludges.

Hi gh capital cost especially for variable-
capture volune filter presses.

Labor cost may be high if sludge is poorly
conditioned and if press is not automatic.

Repl acenent of the media is both expensive
and time consum ng.

Noi se | evel s caused by feed punps can be
very hi gh.

Requi res grinder or
on the feed.

prescreeni ng equi pnent

Aci d washing requirements to renove
calcified deposits caused by |ine
conditioning may be frequent and tine
consum ng.

Bat ch di scharge after each cycle requires
detail ed consideration to ways of

recei ving and storing cake, or of
converting it to a continuous stream for
delivery to an ultimte disposal nethod.

Sour ce: EPA 1987
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TABLE A-3
ADVANTAGES AND DI SADVANTAGES OF
FI XED- VOLUME VERSUS VARI ABLE- VOLUME FI LTER PRESSES
Type of

Dewat eri ng
Pr ocess/ Devi ce

Advant ages

Di sadvant ages

Fi xed- Vol une
Pr ess

Hi gher vol unetric
capacity requires
fewer dewatering
cycl es per day.

Less conpl ex
i nstrunent ati on.

Fewer noving parts.
Longer plate life.

Lower mmi ntenance.

Dewat ers only wel
condi ti oned sl udges.

More chenicals required
for conditioning.

Longer cycle tine/per
unit vol ume of sl udge.

Vari abl e- Vol une
Pr ess

Dewat ers marginally
condi ti oned sl udges.

Shorter cycle tine.

Fewer chemi cal s
required for
condi ti oni ng.

Lower operation and
mai nt enance for
sl udge feed punps.

Precoating systemis
not required.

Limited volunetric
capacity, requires nore
cycl es per day.
Mechani cal | y conpl ex.

Conpl ex
i nstrunent ati on.

Labor intensive filter
cloth repl acement.

Hi gher mai nt enance.

Sour ce: EPA 1982a,
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result of the nore effective and uni form pressure placed on the
sl udge during the dewatering process. O her advantages of the
vari abl e—vol une filter press include: |ower operating and

mai nt enance requi renents for sludge feed punp equi pnent because
the sludge can be punped into the systemat a much | ower
pressure; the ability to dewater marginally conditioned sludge
and sludge wth variabl e/ changing characteristics to a high
solids content; use of polyners for conditioning versus |inme or
ot her inorganic chemcals that may increase the sludge volune and
di sposal costs; and precoats typically used to aid in the renova
of sludge cake fromthe press are not required. A nore detailed
description of the applicability and use of conditioning

chem cal s and precoats are presented in Subsections 4.4.5 and
4.6.2, respectively.

3.2.2 D sadvant ages.

As shown in Table A-2, plate and franme filter presses have
the foll owi ng di sadvant ages conpared with other sludge dewatering
systens. The initial cost for filter presses is high, and
operation and mai ntenance costs are high if the sludge is poorly
conditioned and the filter press is not automatic. Filter cloth
(wat er and acid) washing is | abor intensive, and repl acenent
costs are high. Larger quantities of conditioning chemcals are
requi red and additional chem cals (precoat) may al so be required
to rel ease the cake fromthe filter. Batch discharge versus
conti nuous discharge after dewatering cycles may require
additional facilities to receive and store the sludge cake
pendi ng further disposal. In addition, the sludge feed may
require grinding and prescreening equi pnment, and the noise |evel
woul d be very high because of the feed punps.

The di sadvantages of the fixed-volunme filter press versus
the vari abl e-vol une press are presented in Table A-3. The
pri mary di sadvantage of the variabl e-volunme press systemis that
the initial cost of equipnment can be as nmuch as two to three
tinmes that of the fixed-volunme system Another disadvantage is
t hat al though the cycle tine of the variabl e-vol unme press system
is lower than that of the fixed-volunme system the vol une of
sl udge generated per cycle of a simlarly sized vari abl e-vol une
press is generally less than the capacity of fixed-volune
presses. The variabl e-volune press is also nore nechanically
conplex, with conplex instrunentation, and thus, higher overal
mai nt enance.
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3.3 FI LTER PRESS PERFORMANCE DATA.

Filter press performance is typically nmeasured as a function
of the follow ng paraneters: solids content in the feed, required
chem cal dosages for conditioning, cake solids content, total
cycle tine, solids capture, solids yield, and filtrate vol une
(EPA 1982a). Although neasured separately, these paraneters are
interrelated. For exanple, as the solids in the feed increase,
the conditioning chem cal dosages, total cycle tinme, and filter
yield usually change. Another exanple of this interrelationship
is that when the conditioning chem cal dosage is increased, the
solids content, solids capture, and yield all increase, while the
cycle tine usually decreases. However, if the sludge is over-
condi ti oned, the sludge cake volune may increase, thus,

i ncreasi ng di sposal costs.

3.3.1 Factors Affecting Perfornmance.

Several factors can affect the filter press performance.
These factors can typically be divided into two general
categories: process factors and equi pnent factors. The first
category consists of factors that are primarily related to the
characteristics of the sludge. The second category consists of
factors associated with equi pnment and auxiliary systens that
further affect the sludge filtration performance.

3.3.1.1 Process Factors.

The process factors consist primarily of sludge
characteristics including particle sizes, specific gravity,
sl udge conditioning, and sludge storage.

Al though no specific data are available on the particle size
distribution for different sludge dewatering applications, the
general effects of particle sizes on filtration are best
illustrated by the foll ow ng exanples (WPCF 1983). First, if
particles are of equal size, the resultant cake will be |oosely
packed and rel atively unstable, especially if the filtration
cycle incurred |l arge pressure drops. Second, if the particles
are relatively flat, the resultant cake may generate a relatively
i npervi ous envel op characterized by a high noisture content or
fluid-like center. Ildeally, a wde variety of particle sizes is
desirable to keep an open matrix of particles that allows free
drai nage of entrained water. This effect is conmmon for
bi ol ogi cal sludge because their gel ati nous nature all ows snal
voi d spaces to be filled. Mst sludge require the use of
conditioning chemcals or filter aids (i.e., fly ash) to generate
the desired particle range or provide additional structural
integrity to allow for open drainage and water release. A
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detail ed di scussion on chem cal conditioning and filter aid
additions is presented in Subsection 4.4.5. 1In addition to the
use of filter aids, mxing of chem cal sludge, such as alum or
met al hydroxi de sludge, with biological sludge may add structural
integrity and aid in the dewatering of the biological sludge.

The specific gravity of particles can also affect the cake
formation and filtration pressures. |[|f the sludge contains a
w de range of specific gravities, settlenment can occur in the
| ower chanmbers of the press and may result in poor cake formation
and unbal anced pressure in the cake. This effect inhibits the
| arger particles fromsettling out. This effect is |ess
noti ceabl e for sludge feeds containing finely sized particles.

Sl udge condi tioning involves several factors that can
contribute to the effectiveness of filtration. These factors
i ncl ude the conbi ned effects generated by using nore than one
conditioning chem cal, m xing energy, sludge age, and using heat.
To determine the effectiveness of sludge conditioning, the
treatability tests that are described in Section 6.0 can be used.
Addi tional details on sludge conditioning effects and appropriate
applications are presented in Section 4.4.

Sl udge storage may al so have an effect on filtration
performance. Storage tinme refers to either the length of tine
the sludge is stored prior to conditioning or the tine period
after initial mxing wwth the conditioning chemcals prior to
filtration. GCenerally, prolonged storage is detrinental to
filterability in either case. Additional details on sludge
storage are presented in Section 4. 2.

3.3.1.2 Equi prent / Auxi liary System Factors.

Equi prrent and auxiliary systemfactors that typically affect
sl udge dewat ering performance include pressure, nunber of plates,
feed met hod, and m xi ng systens.

Pressure in a filter press is the overall driving force of
the filtration process. Filter presses are typically designed
for operating pressures of 690 to 1550 kPa (100 psi or 225 psi).
In general, the higher pressure will yield higher sludge cake
solids percentages, slightly greater cake densities, and slightly
shorter cycle tinmes. Hi gh pressures are generally necessary for
bi ol ogi cal sludge. However, higher pressures do not provide
i ncreased benefits for very dense material (i.e., dense mnerals,
carbon, dirt, sand) or if final noisture content is not an issue
(e.g., polishing applications). Typical pressure requirenments
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for both fixed-volunme and vari abl e-volunme filter press sl udge
dewat eri ng applications are presented in Subsection 3.3.2, Tables
A-4 and A-5, respectively. Although success can be achieved for
many types of sludge at either of these term nal pressures, using
t he hi gher pressure for sone types of sludge (e.g., netal

hydr oxi de sludge) can result in increased cake resistance and
decreased porosity because of conpression. The overall result of
this condition is a decrease of filtration flowrates. To
alleviate this condition, the use of the | ower pressure for

dewat ering simlar sludge should be investigated and/or

eval uation testing using both pressure conditions should be
performed. In addition to evaluating operating pressures, the
selection of filter nedia and proper sludge conditioning can al so
be used to alleviate pressure effects.

The nunber of plates in the press can also affect the
overall efficiency of the filtration process and sl udge cake
noi sture content. The effect of increasing the nunber of plates
that is nost often observed is poor distribution of sludge
t hroughout the filter chanmber. This effect occurs especially in
|arger filter presses that are fed at one end of the press. This
condition results because the chanbers nearest the feed entry
point begin filling with sludge and filtering, while the chanbers
at the center or end of the press have not yet started to fill.
As a result, unequal pressures develop in the press, resulting in
cakes with various solids yield and noisture contents develop. In
addition to these effects, equi pnent can be adversely affected,
and subsequent plate warping and eventual breakage can occur.
This effect may be alleviated by using a | ower pressure filling
cycle or filling the press fromboth ends. 1In general, when 80
pl ates or nore are used, feeding fromboth ends of the press
shoul d be consi dered.

The sl udge feed nethod or sludge transport nethod is
critically inportant to filter performance. After conditioning,
it is inportant not to allow floc that have forned to
deteriorate. Therefore, a positive displacenment punp that
m nimzes floc shearing, such as a plunger, piston, or
progressive capacity punp, should be used to transfer conditioned
sludge into the press. Centrifugal-type punps should not be used
to feed the press because the high shear force of the inpeller
can cause floc shearing and/or deterioration or destabilization
of the floc. Additional details on sludge transport and feed
punps are presented in Section 4.3.
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The type and anount of m xing during chem cal addition and
conditioning are inportant performance factors associated with
auxiliary systenms. During conditioning, the type and anount of
m xi ng should be sufficient to ensure proper floccul ation
conditions for the feed and to prevent particles from segregating
due to size and density characteristics. Hgh mxing or |ong
agitation periods may increase the potential of floc shearing and
further reduce the overall sludge filterability. Additional
chem cal conditioning considerations are presented in Subsection
4.4.5.

3.3.2 Typi cal Performance Dat a.

Typi cal performance data for various types of sludge
(1 ncludi ng nmuni ci pal wastewater, industrial waste, and various
ot her sludge applications) for both fixed-volune and vari abl e-
vol une presses are presented in Tables A-4 and A-5, respectively.
These data were conplied based on actual perfornmance data
obtained fromfilter press manufacturers, such as those listed in
Appendi x D.

3.3.3 Case St udi es.

Following is a summary of literature referenced case
studi es, although the studies are primarily based on the results
of dewatering nunicipal wastewater sludge using filter presses,
the information applies to HTRWsites utilizing biological
treat ment processes.

1 EPA 1979 (pages 9-59 through 9-61): Provides the
performance results of a fixed-volume press application
for wastewater.

EPA 1987 (pages 114 through 117): Provides a sunmmary of
performance results and operating and mai nt enance
problens froma survey of 50 filter press wastewater
appl i cations.

WPCF 1983 (pages 87 through 92): Provides the results
of several wastewater applications for both fixed-vol une
(low [590 kPa (100 psi)] and high [1550 kPa (225 psi)]
pressure) and vari abl e-volune filter press

install ations.

WEF 1992 (pages 1218 through 1222): Provides two case
studi es and performance results for pressure filter
presses at five wastewater installations.
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Case studi es based on industrial applications, such as those
listed in Tables A-4 and A-5, are primarily avail able through
filter press manufacturers, such as those listed in Appendi x D.
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TABLE A-4
TYPI CAL SLUDGE DEWATERI NG PERFORMANCE DATA
FI XED- VOLUME FI LTER PRESS
Cheni ca

Feed Addi tion Cake

Solid —Per cent Cycl e Pressure Sol i ds

s (9 of Dry Ti me (kPa)* (%
Appl i cati on? Sol i ds? (M nutes

)3

Al um num Hydroxide |1 to None or 690 or 25 to

10 Pol yrrer 120-240 11550 35
Bari um Ti tani um 40 to None 60—90 690 or 60 to
Di oxi de 50 1550 80
Brewery Grain 2to Pol ynmer 120- 210 690 or 25 to
Mash 10 or Lime— 1550 40

15

Cal ci um or 4 to None or 90450 690 or 30 to
Tri —€al ci um 10 Li me- 25 1550 60
Phosphat e
Cenent Slurry 60 to None 20-60 690 80 to

70 90
Ceram c C ay 20 to None 60120 1550 60 to
Slurry 30 80
Ceram ¢ Wash Down 2to None or 90240 1550 30 to
sl udge 6 Pol ymer 45
Chi cken Processing |2 to FeCl ;-6 & 9050 1550 30 to
Wast e 8 Li ne- 18 40

. 2to None or 690 or 25 to

Chrone Hydroxi de 6 Pol yner 150240 1550 35
Coal Pile Runoff 4 to Li nme- 10 904120 690 30 to

8 40
Coal Slurry 25 to None 45-90 690 60 to

40 80
Cool i ng Tower 4 to Li nme- 10 904120 690 30 to
Bl owdown 8 40

A-31



ETL 1110-3-457

30 SEP 94
Cheni ca
Feed Addi tion
Solid - Per cent Cake
s (% of Dry Cycl e Pressure Sol i ds
Appl i cation? Sol i ds? Ti me (kPa)* (%
(M nutes
)3
Copper Hydroxi de lto None or 690 or 25 to
6 Pol ymer 120- 240 1550 40
Creosote \Waste g to Li ne- 30 120- 180 1550 28 to
Donestic Septic lto Fed ;-5 & 60—210 1550 30 to
Sl udge 10 Li me—5 50
or Linme-
15
Fi ne Ash 6 to None 690 or 40 to
10 60-120 1550 60
Fl ue Gas 15 to None 30-90 690 or 40 to
Desul furi zati on 30 1550 60
Oxi di zed Sl udge
Fly Ash 15 to None 3090 690 or 45 to
30 1550 70
5to None 603120 690 or 35 to
Foundry Sl udge 15 1550 50
Granite Fines 20 to None 20-60 690 60 to
Sl udge 40 80
Hazar dous Soi |/ 10 to None or 45-90 690 or 35 to
Groundwat er 20 Pol ymer 1550 60
Sl udge or Lime-
10
Heavy Metal Fines 10 to None 45-90 690 or 50 to
20 1550 70
| ndustri al 2to Fed ,-10 120240 1550 25 to
Bi ol ogi cal 6 & Linme- 40
Sl udge 30
I ron Hydroxide 2to None or 90- 150 690 or 30 to
10 Pol ymer 1550 45
or Lime—
10
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Cheni ca
Feed Addi tion
Solid —Per cent Cake
Appl i cation? s (9 of Dry Cycl e Pressure Sol i ds
Sol i ds? Ti me (kPa)* (%
(M nutes
)3
Iron Oxide 15 to None 30-60 690 60 to
30 85
Landfill Leachate lto Pol ymer 120240 690 or 25 to
3 or Lime— 1550 40
15
Lat ex Waste 2to None or 1204180 1550 30 to
6 Pol ymer 40
Laundry Waste 2to Li me- 25 60120 690 or 30 to
6 1550 45
Met al Hydr oxi des 2to None or 120- 240 690 or 30 to
(el ectroplating, 6 Pol ymer 1550 50
gal vani zi ng, or Lime—
anodi zi ng, 15
et ching, cleaning,
etc.)
Muni ci pal Primary 5to Fed ;-4 & 60120 1550 30 to
Sl udge 10 Li me- 12 50
Muni ci pal 3to Fed ;-5 & 904180 1550 25 to
Primary & Waste 6 Li me- 15 45
Acti vat ed Sl udge
Muni ci pal Waste lto Fed ;- 10 120240 1550 25 to
Acti vat ed Sl udge 3 & Linme- 40
30
Muni ci pal Wat er lto Li me- 15 or |[90-210 1550 25 to
Al um Tr eat ed 6 40
Sl udge
Muni ci pal Wat er 2to Pol ymer 90- 180 1550 30 to
FeCl ; Treated 8 40
Sl udge
O ly Industrial 4 to Pol ymer or |[60—220 1550 35 to
Wast es 15 Fed ,- 60
5 &
Li me- 15
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Cheni ca
Feed Addi tion
Solid - Percent Cake
s (9 of Dry Cycl e Pressure Sol i ds
Appl i cation? Sol i ds? Ti me (kPa)* (%
(M nutes
)3
Oly Waste 4 to Fed ;- 10 120480 1550 30 to
Refi nery Sl udge 8 & Li me— 50
30 or
Li me- 30
Phar maceut i cal lto FeC ;- 10 150240 1550 25 to
Bi ol ogi cal 4 & Linme- 35
Sl udge 30
Surface Water (Low |2 to Pol ymer or 15080 690 or 30 to
Tur bi di ty) 3 Li me- 25 1550 35
Surface Water 4 to Pol ymer or 904120 690 or 35 to
(Hi gh Turbidity) 8 Li me- 15 1550 50
Surface Water 6 to None 45-120 690 40 to
(Li me Softened) 10 55
Steel Scale 15 to Lime-5 45-90 690 or 50 to
25 1550 70
Textile Waste 2to Fed ;- 10 150240 1550 25 to
8 & Li nme- 35
30
Wat er Based | nk lto Fed ;-5 & 1550 25 to
Sl udge 10 Li me- 15 120-210 55
Wat er Based Pai nt 4 to Fed ;-4 & 1550 35 to
Sl udge 10 Li me- 12 120380 60
Wet  Scrubber 5to None 45-90 690 or 45 to
15 1550 60
YttriumEarth 40 to None 1020 690 85 to
60 95
: lto None or 60—80 690 or 25 to
Zinc Phosphate 10 Li me—15 1550 45
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Cheni ca
Feed Addi tion Cake
Solid —Per cent Cycl e Pressure Sol i ds
Appl i cation? s (% of Dry Ti me (kPa)* (9%
Sol i ds? (M nutes
)3
Zinc Sterate 51to None 20- 60 690 30 to
10 40

Y Application data conplied from manufacturers referenced i n Appendi x
D.

2.PolynEr dosages are not |isted because several types may be
conmercially avail abl e and applicable for the sludge application
listed.

8 Cycle time includes mechanical turnaround (i.e., plate shifting,
etc.).

4 Pressure conversations: 690 kPa is equivalent to 100 psi, and 1550
kPa is equivalent to 225 psi.
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TABLE A-5

TYPI CAL SLUDGE DEWATERI NG PERFORMANCE

VARI ABLE- VOLUME FI LTER PRESS

Cheni ca

Feed Addi ti on- Feed/ Cake

Sol i ds Per cent Squeeze Sol i ds

(%9 of Dry Cycl e Pr essur (%9
Appl i cation? Sol i ds? Ti me e

(M nutes (kPa)*
)3
Brewery Grain 2to Pol ymer 90- 180 690/ 155 35 to SO
Mash 10 or Linme- 0
15

Cal ci um or 4 to 90- 150 690/ 155 30 to 60
Tri —€al ci um 10 E?Qg_gg 0
Phosphat e
Chi cken 2to 8 Fed ;-6 & 90- 150 690/ 155 35 to 50
Processi ng Li nme- 18 0
Wast e
Creosote \Waste 2to 8 Li mre—30 90- 150 890/155 40 to 60
Fl ue Gas 15 to None 45-90 690/ 155 50 to 75
Desul furi zatio 30 0
n Oxidized
Sl udge
Fly Ash 15 to None 30- 60 690/ 155 SS to 75

30 0
| ndustri al 2to 6 Fed ,-10 & 90180 690/ 155 30 to 50
Bi ol ogi cal Li mre—30 0
Sl udge
Muni ci pal 5to Fed ;-4 & 60120 690/ 155 40 to 60
Primary Sl udge 10 Li nme- 12 0
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Cheni ca
Feed Addi ti on- Feed/
Sol i ds Per cent Squeeze
(%9 of Dry Cycl e Pressur Cake
Appl i cation? Sol i ds? Ti me e Sol i ds
(M nutes (kPa), (%9
)
Muni ci pal 3to6 |Fed ;-5 & 904180 690/ 155 35 to 50
Primary & Li me- 15 0
Wast e
Acti vat ed
Sl udge
Muni ci pal 1to3 |Fed?310 & 9080 690/ 155 35 to 45
Wast e Li mre—30 0
Acti vat ed
Sl udge
Muni ci pal 1to 6 |Lime-4a5 90450 690/ 155 35 to 45
Water Al um or 0
Treat ed Sl udge Pol ymer
Muni ci pal 2 to 8 |Lime-15 60120 690/ 155 40 to 55
Wat er Fed , or 0
Treat ed Sl udge Pol ymer
Oly 4 to Pol ynmer 60—220 690/ 155 40 to 70
I ndustri al 15 or Fed?3-5 0
Wast es & Linme-15
Oly Waste 4 to 8 |Fed,;-10 & 90450 690/ 155 40 to 60
Ref i nery Li mre—30 0
Sl udge or Lime-
30
Phar maceut i cal 1to4 |[Fed310 & 120210 690/ 155 30 to 40
Bi ol ogi cal Li me- 30 0
Sl udge
Textil e Waste 2to8 |Fed;-10 & 120210 690/ 155 30 to 40
Li mre—30 0
Ti tani um 4 to None 90450 690/ 155 35 to 50
Di oxi de 10 0
Process Sl udge
Wat er Based | nk lto Fed ;-5 & 90150 690/ 155 40 to 60
Sl udge 10 Li nme- 15 0
Wat er Based 4 to Fed ;-4 & 90- 150 690/ 155 45 to 70
Pai nt sl udge 10 Li nme- 12 0
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Cheni ca
Feed Addi tion Cake
Solid —Per cent Cycle Pressure Sol i ds
Appl i cati ont s (% of Dry Ti me (kPa)* (9%
Sol i ds? (M nutes
)3
Wet Scr ubber 5to None 45-90 690/ 155 50 to 80
15 0

L Application data conplied from manufacturers referenced i n Appendi x
D.

2.PolynEr dosages are not |isted because several types may be
conmercially avail abl e and applicable for the sludge application
listed.

8 Cycle time includes mechanical turnaround (i.e., plate shifting,
etc.).

4 Pressure conversations: 690 kPa is equivalent to 100 psi, and 1550
kPa is equivalent to 225 psi.
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4.0 DESI GN CONSI DERATI ONS.

The design and operation of the recessed plate and franme
filter press requires several considerations to achieve the
desired solids Content. Key factors that should be consi dered
i nclude those related to the equi pnent, operations, and auxiliary
systens. These Consi derations and recomendati ons are di scussed
in detail in the sections that follow

4.1 GENERAL.

Several process variables affect the filtration efficiency of
a recessed plate and frane filter press system (i.e., fixed-
vol une and variable-volune). 1In addition to the press itself,
auxiliary systems may al so affect the filter press perfornmance.
Specific design operating conditions for each application are
based on the dewatering conditions required, such as maxi mum
operating or term nal pressures, and associ ated dewateri ng
equi pnent selected. A schematic of a conprehensive filter press
systemand its associ ated support systens is shown in Figure A-5.
Di scussions of the applicability and use of these systens are
presented in the sections that follow. A general guide of
typically design conditions for filter press applications is also
presented in Table A-6.

4.2 SLUDGE STORACE.

Sl udge storage, as defined in this section, pertains to
storage prior to dewatering. Sludge storage is an integral part
of the solids treatnent and dewatering process that can provide
the foll om ng benefits:

I Equal i zes sl udge flow to downstream dewat eri ng devi ces.

1 Provides a nore uniformfeed rate and uni form sl udge
characteristics, which enhance pretreatnent processes
such as thickening and conditioning.

Al'l ows sludge to accumul ate during both schedul ed and
unschedul ed out ages of dewatering equi pnent.
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Dependi ng on the type of sludge generated and subsequent
treatnment required, sludge may be stored in process tanks, sludge
treatment process systens, or in separately designed tanks.

Sl udge may be stored in tanks from 24 hours up to several days to
provide a nore stable and uniformfeed for downstream
condi tioning and dewatering processes. For the case of storage
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TABLE A-6
OVERVI EW OF TYPI CAL DESI GN CONDI TI ONS
FOR FI LTER PRESS APPLI CATI ONS

Par amet er -2

Applicability

Typi cal Design
Condi ti ons?

Sl udge Type/
Characteristic,
(Section 3.1)

Specific to source of
gener ati on.

Sl udge Storage
(Section 4.2)

As required.

4 days/ m ni mum
typi cal

Sl udge Transport
(Section 4.3)

Feed Punp Type:

Feed Punp Pressure:

—+owPressure Unit
(690 kPs termnal)

—Hi gh—Pressure Unit
(1550 kPa
term nal)

-Fast Press Filling
(Up to 690 kPa)

- Menbr ane Wat er
Inflation
(Up to 1550 kPa)

Feed pressure
stepping intervals:

- Low Pressure
Uni t

See Table A-7 for genera
sel ection guide.

Application specific to

sl udge and types of press
used.

Fi xed-vol une press only.

Fi xed—ol une press only.

Vari abl e-vol une press
only.

Vari abl e-vol une press
only, using water as
menbrane inflation nedia.

Ei ther type of press.

A-42

Appl i cation
specific.

See Tables A-4 and
A-5 for

typi cal pressure
applications.

350- 860 kPa

10402730 kPa

350-860 kPa

550- 1730 kPa

180 kPa
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Typi cal Design

Par anet er %2 Applicability Condi ti ons?

- Hi gh—Pressure 350-520 kPa
Uni t

Sl udge Pretreat ment See Tables A-4 and A5 for Specific

(Section 4.4)

typi cal conditioning

requi rements for both types
of presses for various

sl udge applications.

requi renents based
on treatability
studi es (Section
6.0).

Maj or Filter Press
Conponent s
(Section 4.5

Essentia
Conponent s:

Required for either type of
press.

—Structural Frame
(Subsection 4.5.1)

—Filter Press
Pl at es (Subsecti ons
4.5.2 and 8.1.2 and

Tabl e A-8)

—Filter Media
(Subsections 4.5.3
and 8.1.3)

-C osi ng Mechani sm
(Subsection 4.5.4)

—Plate Shifter
(Subsection 4.5.5)

Optional Features:
(Subsection 4.5.6)

-Saf ety Guards
(Subsection
4.5.6.1)

Both side bar and overhead
frame types avail able
Overhead frane typically
used for plate sizes
greater than 1200 mm (48

i nch) or for higher
pressure applications
(i.e., 1550 kPa [225

psi]).

Can be used for either type
of press if desired.
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Par amet er +:2

Applicability

Typi cal Design
Condi ti ons?

—tight Curtains
(Subsection
4.5.6.2)

-Drip Trays and
Bonbay Doors
(Subsection
4.5.6.3)

—Cake Breakers
(Subsection
4.5.6.4)

Filter Press
Accessories and
Auxiliary Systens
(Section 4.6)

- Chem cal Feed
(Subsection 4.6.1)

As required for chenica
condi tioning, precoat, and

Appl i cation
specific.

—Conpressed Air
(Subsection 4.6.4)

I nstrunent Air

Used as required for
pneurmati c contr ol

A-44

filter media acid wash
syst ens.
-Precoat (Subsection |As required to reduce Typical ly sized
4.6.2) excessive filter washing to 1.5 tines the
requi rements for sticky press capacity,
sl udge applications, with an
application rate
of 0.4 kg/in? over
a 3-5 mnute
period at 0.2 to
0.3 L/nts.
—Filter Media Water Required for all 10. 3 MPa wash
Wash applications. Both manual pressure typical
(Subsection and automatic systens
4.6.3.1) avai l abl e.
—Filter Media Acid Used as required to reduce |Typically sized
Wash lime scaling on filter to are 1.5 tines
(Subsection media for linme t he capacity of
4.6.3.2) condi tioning applications, |the press.

Typically requires
690 kPa pressure.
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Typi cal Design
Par anet er %2 Applicability Condi ti ons?
Air Bl ow Core Used as desired to reduce
Bl ow excessive filter media
washi ng and provide drier
sl udge cake.
Menbrane Air Typically used with 690—380 kPa.
Inflation vari abl e—vol ume presses for
no nore than 150 psi pressure
applications.
Filter Press Applicable type (i.e., Application
Control Systens manual , sem automatic, and specific.
(Section 10) automati c systens) based on
t he degree of desired
aut omation. Typically degree
of automati on dependent on
size of unit and use of
accessories and auxiliary
syst ens.
Sl udge Cake Typically involves only 4 days’ m ni mum
Handl i ng and direct discharge into storage |storage required if
St or age cont ai ner, no ot her dewatering
(Section 4.10) facilities exist.
Sl udge Cake Typically invol ves use of Appl i cation
Transport el t her conveyor, auger, or specific.
(Section 4.11) sl udge cake punping system
when further sludge treatnment
is required.
Sl udge Cake Several ultimte disposal Appl i cation
Di sposal nmet hods are avail abl e and are |specific.
(Section 4.12) dependent on the specific
sl udge generat ed.
1 More details are provided on design considerations and specific

applications in the sections referenced.

2 Conversion Factors:

1 kPa =0.15 psi
1 kg/nt =0.2 I b/ft?
1 L/n¥s =1.45 gpn ft?2
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prior to conditioning, the storage tinme should be m nim zed,
especially if the sludge is mxed to maintain a sludge with
honmogenous characteristics. Follow ng conditioning, prolonged
storage may result in an increase in the breakdown and
solubilization of solid particles, thus decreasing the overal
filtration performance. Storage tanks for biological sludge are
often provided with aeration or mxing to prevent septicity and
resultant odor. This mxing can be perforned with top-entry or
subner si bl e nmechani cal m xers. Odor generated during sludge
storage is typically controlled with the use of chem cals such as
chl orine, hydrogen peroxide, or iron salts. Additional detailed
i nformati on sludge storage, m xing, and odor control is presented
in the follow ng references: EPA 1979, EPA 1987, WPCF 1983, and
VEF 1992.

4.3 SLUDGE TRANSPORT.

Sl udge transport nechani sns i nclude sludge punps used for
sl udge transfer prior to conditioning and sludge feed systens.
The maj or design consideration for the sludge feed systemis that
the system nust be capable of handling varying flows, such as 2
to 125 L/s (30 to 2,000 gpnm) of a viscous to abrasive slurry at
pressures ranging from 170 to 1550 kPa (25 to 225 psi). In
addition to varying flows and pressures, tine-dependent effects,
such as thixotropic effects, can al so have effects on sl udge feed
systens and punping. Detailed information on sludge punping and
conditions that nmay effect sludge transport systens i s presented
in the follow ng references: Eckenfelder 1981, EPA 1979, and VEF
1992.

4.3.1 Sludge Feed Systens.

The sl udge feed systemdelivers conditioned sludge to the
filter press under varying flow and pressure conditions. The
sl udge feed system shoul d be capabl e of delivering sludge under
the follow ng conditions during the filtration cycle:

I During the initial filter press fill period, the feed
system shoul d deliver the sludge at a high flow rate
under | ow pressure.

After the initial fill period, the feed systemshould
continue to deliver sludge at a constant high rate,
while adjusting to increases in pressure caused by
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solids buildup and cake formation, until the term nal
pressure i s obtained.

Once the termnal pressure is obtained, the feed system
shoul d be capable of maintaining this constant pressure
while allowng the sludge flow rate to decrease.

At the end of the filter cycle, the sludge flowrate
fromthe feed systemis dropped to a m ni nrum

The feed system shoul d be designed to achieve the initial
fill cycle at initial pressure (typically 70 to 140 kPa [10 to 20
psig]) within the first 5 to 15 mnutes to ensure even sl udge
cake formation. Any inbalance in the sludge feed rate or cake
formation can result in a nonuniform cake of high resistance,
cloth binding and/or initial poor filtration quality, and | onger
cycle tinmes (EPA 1979). After this initial fill period and as
the cake formation begins and resistance increases, the feed
system shoul d be capable of providing a constant flow with
i ncreasing pressures. Wen the maxinumfilter press design
pressure is reached, the feed system nust be capabl e of reducing
the flowrate, while maintaining the constant press design
pressure.

Two types of systens are typically used for feeding sludge to
the filter press. The first systeminvolves the use of a single
punp or several punps used in conbination with variable speed
drives to achieve the required changes in both flow and pressure.
The second system used involves the conbination of a punp and
pressure tank.

The first punping system often referred to as stepping,
i nvol ves the use of one variabl e-speed punp or several punps.
These punps are typically equi pped with autonmatic control s that
are used to vary the speed of the punp to achieve desired fl ow
rates until the maxi num pressure is reached, and then to reduce
the flow while maintaining the constant maxi num pressure. A two-
punp or rnultiple punp systemis used when the initial pressure
requi renents are too high or the available flow rate turndown is
too limted to be achieved by the initial punp. The second punp
or nmultiple punps are used in conjunction with the initial punp
to achieve the higher flowrates and will operate until the flow
rate drops within the range of the initial punp. The punps or
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mul ti ple punp systemused for this application can be vari abl e-
speed or constant-speed. For an exanple of the use of a step-
punpi ng system assunme that a filter press systents term nal
pressure is 1550 kPa (100 psig), a maxi mumrequirenent of 2.5 L/s
(40 gpm, and an filtration operating tine of approximtely 90

m nutes. Applying a stepping punp systemto this exanple may
consi st of the foll ow ng sequence:

Peri od Pressure Fill Rate
Initial Fill (15 nm 170 kPa (25 psi) 2.5 L/s (40 gpm
Filtration (30 nm 345 kPa(50 psi) 2.5 L/s (40 gpm
Filtration (30 nm 520 kPa (75 psi) 2.5 L/s (40 gpm
Termnate Filtration 690 kPa (100 psi) 2.5 L/s (40 gpm
(15 mm to termnal flow
(5 to 7 percent
of initial
flow).

The punp/ pressure tank systeminvol ves the use of one punp and
pressure tank. For this system the pressure tank is initially
filled wth sludge and pressurized with air. The filter press
fill cycle is then initiated by allowng the sludge in the
pressurized tank to be discharged into the filter press at a high
rate. As the level of sludge in the pressure tank starts to
decrease, the sludge feed punp is engaged to nmaintain the
constant pressure in the pressure tank. The pressure in the tank
is also controlled by the addition or release of air to the tank.
At the end of the filter cycle, the pressure tank is closed to
termnate the sludge feed punping. The punp/pressure tank nethod
does offer the advantage of a nore rapid and positive fill;
however, it is typically not used because it requires nore

equi pnent roomand is less flexible than the integral or nmultiple

punpi ng system

4.3.2 Punp Characteristics.

Sl udge feed punps should be positive displacenent punps
capabl e of delivering sludge to the filter press over a w de
range of pressures and flows. As the filter cycle begins, the
punps nust deliver a maximumflow at a very | ow back pressure.

As the filtration cycle continues, the back pressure increases
because of the accunulation of solids, and the flow rate drops to
a very lowrate at the maxi num pressure. The punping system
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shoul d be equi pped with flow control devices that automatically
adjust (lower) the flowrate with increasing pressure. Although
several types of punps can be used for sludge feed systens, the
nost conmmonly used are progressive cavity, piston, or piston-
menbrane punps. Following is a brief discussion of each of these
types of punps and their application.

The progressive cavity punps are vari abl e-speed drive punps
t hat operate based on the geonetrical fit between the rotating
el emrent of the punp (rotor) and stationary elenent (stator). The
punpi ng action is achieved by the rotor turning eccentrically
within the stator, which causes fluid to enter cavities forned
between the rotor and stator at the punp inlet and progress
within that cavity to the punp outlet. These punps are often
constructed with nmultiple stages to achieve the high discharge
pressure required for the filter press operation. These
mul ti stage punps typically have increased pressures and decreased
flowrates with additional stages, with a maxi num punp speed of
200 to 250 rev/mmto mnimze wear on the punp rotor and stator.

Pi ston punps are generally driven by a hydraulic power pack
with a conpensator that varies the punp discharge while
mai ntaining the required filter press pressure. These types of
punps typically have infinite turndown capability frommaxi mumto
zero discharge. Because the piston and cylinder are in direct
contact with the sludge, these punps should be equi pped with
wear —+esi stance pistons and ceramc-lined cylinders. O her
desi gn consi derations include the proper sizing of surge arrestor
vessel s on the suction and di scharge sides of the punp. Problens
fromincorrect sizing include pul sating di scharge and excessive
wear on the suction and di scharge ball check val ves. Piston punps
are normally available for pressures up to 1720 kPa (250 psiQ)
and flow capacities ranging from1l to 30 L/s (15 to 450 gpn).

Pi st on—+enbrane punps are simlar to piston punps, except
that the noving parts of the punp (i.e., piston and cylinder)
have no direct contact. These noving parts are separated by a
fl exi ble menbrane. This type of punp operates primarily by
regul ating the anount of hydraulic fluid displaced against the
menbrane. Pi ston—enbrane punps are typically avail able for
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termnal pressures of 690 and 1550 kPa (100 and 225 psig) and for
flows ranging from0.3 to 30 L/s (5 to 500 gpn).

Air operated di aphragm punps can al so be used for punping
sl udge. These punps have been typically used in sonmewhat
restricted applications because they were limted to a 1:1 ratio
of air pressure to discharge of slurry pressure and nost pl ant
air systens are limted to about 690 kPa (100 psig). However,
designs with 2:1 ratios (i.e., delivering slurry at 1380 kPa [ 200
psig] wth 690 kPa [100 psig] notive air) have been recently
devel oped that allow broader applications of this type of punp.

Centrifugal punps have been used with only limted success
for filter press sludge punping applications. Although these
types of punps have suitable flow and di scharge pressure
characteristics required for initial filling of the filter press,
the shearing force of the inpeller destroys floc generated from
sl udge conditioning, thus reversing favorable dewatering effects.
Therefore, centrifugal punps are usually not recommended for
filter press systens.

Fol |l owi ng are several paraneters that should be considered
in the selection of the appropriate punp application:

I Filling time and capabilities (i.e., pressure 690 to
1550 kPa [100 to 225 psi]).

I  Sludge characteristics (i.e., solids content, pH

particle size, abrasiveness, tenperature, and chem cal

content).

Suction conditions.

Si ze of press.

Avai | abl e power source.

A general guide for punp applications is presented in Table
A-7. Additional information and descriptions of sludge punping
equi pnent are provided in the docunent Design of Minici pal
Wast ewater Treatnent Plants (WEF 1992) and are al so avail abl e
from equi pnent manufacturers such as those listed in Appendi x D.

4.3.3 Press Prefilling.

Before the sludge is punped into the filter press, the press
should be filled with effluent water to renove any trapped air
fromthe press. This step elimnates the potential for non-
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uni form cake distribution caused by partial filling of the press
wi th sludge during a filtration cycle.

4.3.4 O her Sludge Transfer Processes.

O her sludge transfer processes include those follow ng the
filtration cycle, such as air bl owdown or core blow ng. These two
processes invol ve bl owi ng conpressed air through the filter press
systens to renove |liquid sludge.
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TABLE A-7
GENERAL APPLI CATI ON GUI DE FOR
THE SELECTI ON OF SLUDGE PUMPS
Sl udge Characteristics
Non- Chenical ly
aggr essive Aggr essi ve Abr asi ve Bi ol ogi ca
Non- abr asi ve
Type of Punp Pressure Required (kPa)!?
690 1550 690 1550 69 1550 690 |1550
0
Progressi ve X X X2 X X
Cavity
Pi st on X3 X3
Pi st on X X4 X4
Menbr ane
Ai r Operated X x5 X8 X2:5 x5 X x5
Di aphr agm
Centrifugal’ X X4 X4

Source: Conplied fromfilter press manufacturers listed in Appendix D
Notes: The punps indicated with an “X" are typically recommended for the
application |isted.

Pressure conversions: 690 kPa=100 psi, 1550 kPa=225 psi .

2St ai nl ess steel |ining recomended.

STypically reconmmended up to 6 L/s (100 gpm.

‘Rubber |ining recomended.

52:1 pressure ratio required.

5Pl astic |ining recomended.

"Recommended for only fast fill applications.
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4.3.4.1 Air Bl owdown.

Air blowdown is a recomrended, but optional, feature that can
be used prior to cake discharge to aid in the rel ease of sl udge
cake, inprove cake dryness, and drain remaining liquid from
filtrate ports. The air bl owdown system consists of piping and
val ves that connect the filtrate ports with a conmmon di scharge
pipe to forma manifold system The air bl owdown process
consi sts of blow ng conpressed air through this manifold system
after the filtration cycle and cake di scharge to renove any
residual liquid in the cake or filtrate ports. The liquid
removed during this process is typically returned to the sl udge
storage or conditioning tank. Criteria to be considered for air
bl owdown include air flow rate, pressure, and duration. Typical
air requirenents consist of air usage based on the filter area of
0.02 to 0.07 L/s*nm? (0.2 to 0.8 scfnmft?) at an operating
pressure of 280 kPa (40 psi) for a duration of 1 to 3 m nutes.

4.3.4.2

Cor e Bl ow ng.

Core blowing is a reconmmended, but optional, feature that
i nvol ves renoval of liquid sludge remaining in the sludge feed
ports by using conpressed air prior to opening the press at the
end of the filter cycle. Although the anmount of remaining liquid
sludge is typically small and has little effect on the noisture
content of the sludge cake, it has a tendency to run down the
face of the filter nedia, blinding |localized areas of the filter
medi a and subsequently | eading to non-uniformcake formation. By
using core blow ng, the potential of non-uniform cake formation
is reduced and the frequency of filter media washing is
m nim zed.

Criteria to be considered for core blow ng include pressure
of air required and duration. Typical air requirenents used for
core blowi ng include operating pressures ranging from550 to 690
kPa (80 to 100 psi) for a duration of 1 to 3 mnutes. Although
core blowing is a recommended optional feature that provides a
desirable effect, the cost of equipnent, piping, and building
space should be considered prior to selecting this feature,
especially for smaller or non-HTRW applications.

4.4 PRETREATMENT REQUI REMENTS.

Sl udge pretreatnent typically includes sludge degritting and
grinding and sludge conditioning. Git renmoval and grinding are
typically performed at the headworks of the treatnment facility to
reduce wear and nmai ntenance on downstream processes. Sl udge
conditioning is perfornmed prior to dewatering to enhance water
renmoval and to inprove solids capture by chem cal and/or physi cal
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treatnent of the sludge. The nost commonly used conditioning
met hods i nvol ve chem cal or thermal treatnment. Chem ca

condi tioni ng methods use inorganic chemcals (i.e., ferric
chloride and Iinme) or organic polyelectrolyte (polyners), or
both. Thermal conditioning involves processes that enhance
dewat eri ng characteristics of the sludge by the application of
both heat and pressure. Although the thermal nethods and ot her
condi tioni ng nmethods invol ving sludge thickening and
stabilization can be used, the nbst prom nently used sl udge
conditioning nmethod for filter press applications is chem cal
conditioning. Following is a brief sunmary of degritting and
gri ndi ng, sludge thickening, and sludge stabilization and a
detail ed di scussion of chem cal sludge conditioning.

4.4.1 Degritting and Ginding.

Degritting and grinding of sludge are prelimnary
pretreatnment methods, typically applicable to nunicipa
wast ewat er treatnment applications, which are used to renove
materials such as trash prior to the sludge dewater system and
associ ated ancillary equi pnment reduce wear and prevent cl ogging
of hydraulic equipnent (i.e., piping and punps). These
pretreatnment methods may have only limted application for HTRW
sites. Additional information on specific requirenents for
degritting and grinding equipment is presented in the foll ow ng
publications Sludge Dewatering (WPCF 1983) and Desi gn of
Muni ci pal Wastewater Treatnent Plants (WEF 1992).

4.4.2 Sludge Thi ckening.

Al t hough not typically required for filter press
applications, sludge thickening processes are often used to
concentrate conbined or separate sludge streans. The primary
goal of thickening is to reduce the volunetric |oading to, and
i ncrease the efficiency of, subsequent sludge processes. Sl udge
t hi ckeni ng nmet hods that may be used for primary and chem cal
sl udge applications primarily include thickening at the source,
such as within a clarifier or gravity thickening; whereas,

t hi ckeni ng nmet hods for biological sludge may include the use of
gravity, dissolved air flotation (DAF), centrifugal, gravity
belt, or rotary drumthickening.

Typically, sludge thickening is not required for filter
press applications because filter press dewatering devices can
handl e sludge streans with |ow solids content (i.e., 2 percent
solids). However, if thickening is required, the follow ng
references provide detail ed descriptions of design considerations
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and guidelines for this type of treatnent: EPA 1982a, EPA 1987,
VEF 1992, WPCF 1983, and GLUVRB 1990.

4.4.3 Sludge Stabilization.
Sl udge stabilization is primarily used to make bi ol ogi cal
sl udge | ess odorous and putrescible and to reduce the pathogenic

organi smcontent prior to final disposal. Stabilization
treat ment processes include anaerobic digestion, aerobic
di gestion, wet air oxidation, and |line stabilization. |If sludge

stabilization is required, the follow ng references provide
detail ed descriptions of design considerations and gui delines for
this type of treatnment: EPA 1982a, EPA 1987, WEF 1992, WPCF 1983,
and GLUVRB 1990.

4.4.4 Thermal Conditioning.

Thermal conditioning can be used to enhance the dewatering
characteristics of the sludge through the application of heat
and/or pressure in a confined vessel. This process results in
t he coagul ati on of the sludge by breaking down its gel-like
structure and allow ng the bound water to separate fromthe solid
particles. Thermal conditioning is primarily suitable for
bi ol ogi cal sludge that cannot be stabilized biologically because
of toxic materials.

The thernmal conditioning process used is typically a
continuous flow process that involves the sludge being heated
from180 to 210 C (350 to 400 F) in a reactor under pressures of
1720 to 2760 kPa (250 to 400 psig) for 15 to 40 m nutes (EPA
1987). Two typically used processes are the heat treatnment (HT)
process and | ow pressure oxidation (LPO process. The LPO
process involves the addition of air to the process; whereas, no
air is added in the HT process. Further details of these
processes are provided in the follow ng references: EPA 1979,
1982a, and 1987; WEF 1992; and WPCF 1983.

Because of the costs associated with the thernal
conditioning, it is typically not advantageous to use in
appl i cations where other conditioning nethods, such as chem cal
condi tioning, are applicable.

4.4.5 Chem cal Conditi oning.

Chem cal conditioning is the nost comonly used pretreatnent
met hod used directly for filter press applications. Factors that
can affect chemi cal conditioning include those related to the
characteristics of the sludge, sludge handling and processing
condi tions, and sludge coagul ation and fl occul ati on. Because

A-55



ETL 1110-3-457
30 SEP 94

sl udge can consi st of various types of primary, secondary, and/or
chem cals solids of various inorganic and organic content, sludge
characteristics significantly affect the sludge conditioning. The
sl udge characteristics that nost commonly affect conditioning and
sl udge dewatering are sludge particle size and distribution,
particle surface charge and degree of hydration, particle
interaction, solids concentration, ratio of types of sludge
(i.e., primary to secondary sludge), biopolynmer production, and
al kalinity (EPA 1987, WEF 1992).

A primary objective of conditioning is to increase the
particle size by conbining the smaller particles into |larger nore
easily handl ed particles. Because sludge particles are
negati vely charged and typically repel rather than attract one
anot her, conditioning is required to neutralize the repul sive
effects so the particles can collide and increase in size.

Sl udge handl i ng and processing conditions al so affect sludge
conditioning. For exanple, aged or unstabilized sludge that has
been stored for a long period of time requires nore conditioning
chem cals for dewatering than does fresh sludge. Long raw sludge
storage or long transport conditions can al so i ncrease the demand
for chem cals and the degree of hydration and fines content of
any sludge stream |In addition to storage tine, any

precondi tioning such as the addition of chem cals for
precipitation prior to the use of conditioning chem cals nust

al so be considered. The sequence of conditioning chemcals
addition to the sludge nust be considered. For exanple, when
using a two-chem cal conditioning system such as ferric chloride
and linme or two polyners, it is better to add the conditioning
chem cal with the anionic charge before the chemcal with the
cationic charge. |If using both cationic and non-ionic polyner,
the cationic charged pol yner shoul d be added before the non-ionic
pol ymer. Although the types of polyners and application are
specified, the mnimumlag time between the two types shoul d be
several mnutes to ensure adequate reaction. However, the |ag

ti me between these additions should not be excessive (e.g., an
hour or | onger) because it can decrease the dewatering

per f or mance.

Sl udge coagul ati on and flocculation is the fundanental
obj ective of conditioning. This two-step process consists of
coagul ation, which involves the destabilization of the sludge
particles by decreasing the magnitude of the repul sive
i nteractions between particles, followed by floccul ation, which
i nvol ves the aggl oneration of colloidal and finely divided
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suspended particles by gentle m xing (EPA 1987). Follow ng are
desi gn consi derations and guidelines that can be used to optim ze
coagul ation and floccul ation conditions (WEF 1992):

1 Provi de vari abl e-speed m xers in the conditioning tank
or in-line mxing to mnimze floc shearing of
condi tioned sl udge.

Use diluted chem cal solution to inprove mxing with the
sl udge.

Provi de individual conditioning for each type of sludge
to maintain constant chem cal feed rate and
concentration.

Locate the point of chem cal conditioning as close to
each dewatering unit as possible to avoid the
deterioration of floc.

Make sl udge as honbgeneous as possible to mnimze the
need for individual adjustnment of polyner for multiple
t hi ckeni ng or dewatering units.

Sl udge conditioning for plate and franme filter press systens
generally involves the addition of linme and ferric chloride, line
only, or polyner, or the addition of ash or other granul ar
material to the sludge, prior to filtering, to produce a | ow
nmoi sture sludge cake. Line and ferric chloride have been the
conventional chem cals used for conditioning, especially for
fi xed-vol une press systens. However, polyners have becone nore
frequently used for the variabl e-vol une press systens because of
t he decrease in sludge vol une generated, reduced chem cal costs,
and reduced ammoni a odors. Typically, for biological-type sludge
applications (i.e., municipal sludge) chem cal conditioning is
performed using ferric chloride and line or |ine alone; whereas,
for chem cal -type sludge applications (i.e., netal hydroxides),
chem cal conditioning is performed with either |inme or polyners.
The advantages of using polynmers over those of using inorganic
condi tioning chem cals include (EPA 1987):

I Pol ymers produce little additional sludge vol une that
woul d need to be disposed of. Inorganic chem cals may
i ncrease the sludge volune by 15 to 30 percent.

| f the dewatered sludge is going to be incinerated,
pol ynmers do not | ower the fuel val ue.
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I Pol ymers are easier and safer to handl e than inorganic
chem cal s.

Pol ymers result in easier operation and mai ntenance than
i norgani c chem cals that require frequent cleaning of
equi pnent (e.g., acid baths).

Ther ef ore, because vol ume reduction and mnimzation is the
primary goal of processing and di sposal of sludge, as well as
provi di ng | ow di sposal costs, the case of polyners should be used
if technically and economcally feasible, especially for HTRW
appl i cations.

Specific sludge applications and typical types and dosages of
condi tioning chem cals used for both fixed-volune and
vari abl e—vol une filter presses are sunmarized in Tables A-4 and
A-5, respectively. Unless treatability studies have been
performed and specific pol ynmer dosages have been obtained, the
prelimnary design may be best devel oped based on the use of
antici pated design dosages of conditioning chem cals such as
ferric chloride and/or lime listed in these tables.

4.4.5.1 Linme and Ferric Chloride Conditioning.

| norgani ¢ conditioning usually involves the use of
chem cals, such as line and ferric chloride, although other netal
salts, such as ferrous sulfide, ferrous chloride, and al um num
sul fate, have been used. Ferric chloride is added before line is
added because it hydrolyzes in water and forns positively charged
iron conpl exes that neutralize negatively charged sl udge solids
and allows themto aggregate. Ferric chloride also reacts with
t he bicarbonate alkalinity in the sludge to form hydroxi des that
act as flocculants. This reduction in alkalinity also |lowers the
pH.  The linme is then added to raise the sludge pHto allow nore
efficient formng of the hydroxides fromthe ferric chloride
reaction. Lime also reacts wth bicarbonate to form cal ci um
carbonate, which provides the sludge with additional structural
integrity and porosity needed to increase the rate of water
removal during the pressure filtration. The optinum dosages of
both ferric chloride and |inme for conditioning depend on the type
of sludge and associ ated characteristics. Applicability and
typi cal dosages for these chem cals for various sludge
applications are presented in Tables A-4 and A-5.

The linme and ferric chloride conditioning systemtypically
consi sts of sludge transfer punps, a linme slurry preparation and
feed system a ferric chloride solution preparation and feed
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system a conditioning tank equi pped with a m xer, and a press
feed punp system It is usually desirable to use a sludge
storage tank prior to the conditioning systemto provide an
inventor y of the anpbunt and type of sludge to be conditi oned.
This storage tank should be equipped with a m xer to provide a
sludge with uniform concentration characteristics so that proper
dosages and conditioning chem cals can be used to condition the
sludge. A schematic of a typical |ime and ferric chloride system
is showmn in Figure A-6. A nore detailed description of |ine
slurry and ferric chloride preparation and feed systens is
presented in Subsection 4.6.1.

Ferric chloride should be added to the conditioning tanks at
a mninmumof 10 seconds before the line slurry is added to assi st
floc formation. To provide additional reaction tine with the
sludge, the ferric chloride solution can also be injected
directly into the sludge transfer pipeline. Injection nmethods
include direct injection without m xing, mxing at the point of
entry, or injection wwth air. |If direct injection is used, a 10
to 20-second retention period is required before linme is added to
the conditioning tank. |f the mechanical m xing nmethod at the
point of entry is used, an additional tank and m xi ng equi prment
IS required.

The conditioning tank shoul d be equipped with a m xer to
ensure the sludge and conditioning chem cal are thoroughly m xed
and to assist in the devel opnment of floc formation. This m xing
is typically perfornmed using vertical gate or turbine mxers. To
provi de adequate tine for mxing and floc formation, the m ni num
retention tinme in the conditioning tank should be 5 to 10 m nutes
(WPCF 1983). A long retention tinme, 20 to 30 m nutes, may be
used to ensure conplete mxing with the line to mnim ze
potential lime scale buildup in piping and filter nedia.

However, if the retention time is longer than that required to
forma good sludge floc, floc deterioration and breakdown can
result. The retention tine may be affected by the changing
sludge feed rates required throughout the filter cycle and by the
use of nultiple presses, if required.

The sl udge conditioning system nust be designed to neet the
feed requirenments of the filter press. Two nethods can be used
to achieve this goal. The first nethod involves the use of
sl udge transfer punps designed to naintain a nearly constant
| evel of sludge in the conditioning tank while neeting the
requi renents of the conditioned sludge feed systemto the filter
press. To ensure proper chem cal conditioning dosages, the line
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slurry and ferric chloride feed systens are al so equi pped with
vari abl e—speed punps that are controlled to match the
proportional sludge flowrate into the conditioning tank. This
type of systemoffers the advantages of maintaining a nearly
constant retention tinme, but requires punps with w der ranges of
punpi ng capabilities and vari abl e-speed drives and requires
conpl ex controls.

The second nethod involves the use of sludge transfer and
conditioning feed punps. This type of systemtypically requires
the use of intermttent but constant sludge transfer to the
conditioning tank, with constant and nanual | y adj ustabl e control
of chem cal conditioning feed systens. Because this process
involves intermttent sludge transfer, it also involves varying
the level in the conditioning tank. Because the level in the
retention tank varies, an increase in the capacity of the
conditioning tank is typically required; however, |ess conplex
controls are required for this system This system may be nore
applicable for smaller filter press applications or those
requiring less automatic or conplex control.

In addition to the sludge transfer punps, the volune of the
condi tioning tank, chem cal conditioning systens, and associ at ed
feed punps nust be sized to neet the sludge feed requirenents to
the press. To neet changing requirenments of unconditioned
sl udge, the chem cal conditioning systens nust also be flexible
enough to accommodate a range of chem cal dosages.

4.4.5.2 Polyner Conditioning.

Organic chem cals used for sludge conditioning are primarily
synthetic organic polynmers. Although these polyners were
originally used primarily for wastewater and easily dewatered
sl udge, they are now being used as a conditioning aid or as the
primary conditioning chemcal for all types of sludge. Polyners
in solution typically involve simlar chem cal reactions to those
of inorganic chem cals, such as neutralizing surface changes and
bridgi ng of particles.

Pol ymers consist of three different charge types (anionic,
cationic, and non-ionic) and are comercially available in
several forms including dry, liquid, enmulsion, gel, and Mannich
pol yners. The nost commonly used polynmers for filter press
applications are dry and |iquid-type polyners. The other polyner
types (i.e., enulsion, gel, and Mannich) are not as commonly
used, but may be appropriate for some applications. Additional
details for these types of polyner are presented in the
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publication Design of Minicipal Wastewater Treatnent Plants-
Manual of Practice No. 8 (WEF 1992).

A sunmmary of applications of polyners for various sludge
applications are presented in Tables A-4 and A-5. Because of the
numerous types of polyners that are comercially avail abl e,
speci fic pol yner dosages are not shown; however, as a general
rule the application is less than 0.5 g/ kg (10 | b/ton).

Dry polynmers are typically avail able in powder, granul ar,
m crobead, and flake fornms. These polynmers have hi gh amounts of
active solids usually ranging from90 to 95 percent. The shelf
life is usually several years; however, cool, dry storage is
requi red because exposure to noisture tends to cake the pol yner
and nmake it unusable. Mst dry polyners are difficult to
di ssol ve and require special equi pnent such as an eductor or
other prewetting device prior to delivery to the polynmer solution
m xi ng tank. The solution should be m xed slowy until the
pol ymer is dissolved and then m xed or aged according to
manuf act urers specifications because undi ssol ved pol yner can
cause cl ogging of pipes, punps, and filter nedia. Once polyners
are in the dilute form they are typically only usable and stable
for 24 hours.

Li quid polyners are generally available in |low to nmedi um
nmol ecul ar weight with active solids ranging from 10 to 50
percent. Typical shelf lives range fromtw nonths to one year.
This type of polyner should be protected fromlarge tenperature
variations during storage. Wen using higher viscosity liquid
pol ynmers, an adequate transfer punp should be used to transfer
the polyner fromthe storage tanks to the m xing tanks. A wet
di spersal unit or static m xer should be used to disperse |liquid
polynmers into the water.

The fornms and characteristics of the polyners can greatly
affect how they react with sludge. Because characteristics
differ fromone sludge to another, the selection of the correct
polymer requires treatability testing to determ ne the correct
type as well as the opti mum chem cal dosage. A description of
treatability testing procedures and requirenents is presented in
Section 6.0.

Precondi tioning handling facilities include polyner storage,
preparation, and feed systens. A detailed description of the
pol ymer storage and preparation systenms is provided in Subsection
4.6. 1.
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Once the polyner is prepared, it is typically introduced into
the sludge feed streamthrough an in-line systemthat feeds the
polymer to the press with the sludge on a continuous, rather than
batch basis. This can be acconplished by either continuous
punpi ng of sludge into a small tank and addition of chem cals or
by directly injecting conditioning chemcal into the sludge on
its way to the filter press. |If the former nethod is used, it
shoul d be noted that deleterious effects may be noted if storage
and agitation are prolonged. A mninmal retention tine of 10
m nutes at a noderate degree of mxing (i.e., 75 rpm is
typically used (WEF 1992). A typical polynmer conditioning system
is showm in Figure A-6.

4.4.5.3 Filter Aids.

In addition to ferric chloride and |inme, other types of
inorganic materials have occasionally been used to condition
sludge or act as a filter aid or filter media precoat. The
filter aid or body feed is added to slurries, particularly those
containing slimy or gelatinous solids, to provide structural
integrity and porosity to the sludge to facilitate additional
dr ai nage when conpression force is applied during the filtration
cycle. The use of filter nedia precoat is discussed in detail in
Subsection 4.6.2. Although, the use of these materials may
reduce the overall dosages of other conditioning chemcals, the
cost and vol une increase nmay not be warranted versus the increase
in the dewatering results.

4.5 FEILTER PRESS MAJOR EQUI PMENT COVPONENTS.

The maj or conponents of the recessed filter press include
the frame, plates, filter cloth, hydraulic plate closing
mechani sm and plate shifting mechanism A schematic show ng the
maj or conponents of the recessed filter press systemis shown in
Figure A-7.

4.5.1 Structural Frane.

The structural frame of a recessed filter press consists of
a fixed end, noving end, and plate support systens (EPA 1986).
The fixed end anchors one end of the filter press and plate
support bars. The noving end anchors the opposite end of the
press and houses the plate closing nmechanism The plate support
bars span between these two ends and carry the filter press
pl at es.

Two typical configurations of the plate support system
i nclude a side bar or overhead bar configuration. A diagram of
each of these types of plate support systens is shown in Figure
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A-7. The side bar configuration consists of two side bars that
provi de support at each side of the plate at a point slightly
above the center of each plate. The overhead bar support system
consists of two overhead bars and two | ower tie bars. The plates
in the overhead assenbly are attached to a support beam and
carriage assenbly at the center of each plate. The side bar
frame is normally used for presses with plates up to 1200 mm (48
inches) with pressure application up to 1550 kPa (225 psi).
Overhead franes are used for larger applications (i.e., 1,500 mm
[60 inch] plates and up) or for those requiring pressure
applications of greater than 1550 kPa 225 psi such as the

vari abl e-vol unme presses. The advantage of the side bar support
systemis that it allows for easy renoval of individual plates
directly fromthe press; whereas, the advantage of the overhead
type support allows easier observation between individual plates.
Probl ens or di sadvantages associated with the side bar support
systeminclude jamm ng of the plate shifting nmechani sm and access
to plates during sludge cake di schargi ng operati ons. However, the
initial cost for this type of systemis |less than the overhead
bar assenbly system

4.5.2 Filter Press Pl ates.

Filter press plates are available in several types,
construction, dinensions, and material (WEF 1992). The nost
common type, recessed plates, are fabricated with a constant
recess (or depths) and area on adjacent plates in which the
constant volune filter cake forms. To provide additional support
and prevent deflection of the plates in the recessed area, the
plates normally are constructed with stay bosses within them
The stay bosses have the sanme overall thickness as the perineter
of the plate. The nunber and size of the stay bosses primarily
depend on the dinmensions and structural material of the plate.

Filter press plates range in size (i.e., 600 to 2100 nm|[24
to 84 inch) and can be round, square, or rectangular. Depending
on the plate design and the desired cake thickness, the recessed
area can also range from25 to 50 nm (1 to 2 inches) in
t hi ckness, with 32 mm (1.25 inches) being typical. Plates are
typically constructed with a center feed port with filtrate ports
| ocated at the corners of the recessed area. Although corner
feed plates, which use one or nore corner ports for sludge feed,
may be required for specialty applications, these types of plates
are typically avoi ded because foreign material tends to plug the
passages fromthe corner port to the chanber area. The surfaces
of the perinmeter of the plate and stay bosses are flat to provide
a proper seal. The surfaces of the recessed plate area are
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constructed with rows of grooves to provide support for the
filter cloth and allow paths of filtrate drainage. The
construction of the variable-volune plate filter press is simlar
to that of the fixed-volume press, with the addition of a

pol ypropyl ene or el astoneric di aphragm attached to the face of
the pl ate.

Fi xed-volune filter plates can be of non-gasketed or
gasketed design for filter nmedia installation. |n non-gasketed
designed plates, the filter nedia is draped over the entire plate
and held in place by hooking gromets |ocated at the top of nedia
over clothdogs on the top of the plates. Therefore, the filter
medi a for this design provides the seal between adjacent plates
when closed. A reinforcing strip of heavier nedia is typically
sewn on the periphery of the non-gasketed filter nmedia to inprove
its sealing properties and to better protect the nedia fromthe
wear and tear of the plate rinms repeatedly hitting and
conpressing this area. |In general, non-gasketed filter designs
leak filtrate resulting in wet and soneti nmes mal odorous operating
conditions. Because of these conditions, non-gasketed systens
are typically equipped with drip trays to collect and keep the
|l eaking filtrate fromthe sludge cake storage receptacles or
handl i ng equi pnent | ocated beneath the filter press.

I n gasketed plate designs, the filter nmedia is typically
held in place by resilient caul king material inbedded in a groove
runni ng around and just inside the inner periphery of the plate
rim Liquid-tight sealing is provided by gaskets, normally O-
ring type, installed in a groove in the sealing faces of the rim
and in grooves around the filtrate ports.

The primary advant ages of gasketed plates as conpared with
non- gasketed plates include their ability to keep liquid fully
contained in the filter and their typically longer nedia life and
| ower replacenent cost because of the wear in the rimarea where
adj acent plates cone in contact. However, disadvantages with
gasketed plates include their slightly higher cost to
manuf act urer due to machi ni ng of gasketing and caul ki ng grooves
and the slightly longer tine required to change their nedi a.

Filter press plate construction materials are descri bed

further in Subsection 8.1.2. A summary of typical filter press
pl ate sizes and weights are presented in Table A-8.
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4.5.3 Filter Media.

Filter nedia (cloth) is available in several types of
materi al, weave, and perneability. The primary objective in the
selection of the filter nedia is to optim ze cake dryness and
filterability of the sludge. Qher considerations in the
selection of filter nedia include durability, ease of cake
rel ease, blinding, chem cal resistance, and characteristics of
t he sludge, such as the size of solids in the sludge. The
durability of the filter nedia can be affected by both materials
and construction; whereas, cake release can be affected by both
weave and cleanliness. In addition to the filter nedia
characteristics, the precoat system (Subsection 4.6.2) nay be
used to ease the rel ease of the sludge cake, or a filter nedia
washi ng (water and/or acid) system (Subsection 4.6.3) may be used
for filter cleaning. The construction materials, construction
factors, and selection of filter nedia are described in detail in
Subsection 8. 1. 3.

4.5.4 dosing Mechanism

The cl osi ng nmechani smcl oses the plates either hydraulically
or electronechanically and maintains the force to hold the plates
constant during the filter cycle period. The hydraulic closing
mechani sm can either be manually operated by a hand-operated jack
or automatically controlled by a closure systemthat typically
consists of a hydraulic ram and power pack. The
el ectromechani cal nmechanismtypically consists of a twn or
single screw and electric gear notor. These systens can be
equi pped with automatic controls to maintain a constant closing
force to conpensate for varying sludge feed pressure increases,
conpression of the filter cloth and plates, and expansion and
contraction of construction materials with tenperature changes.

4.5.5 Plate Shifter.

Pl ates can be shifted manually or automatically to renove
the sludge cake after conpletion of the filter cycle. The
typical shifting nechanismis a sem automatic or automatic plate
shifter that works on the principle of an endl ess chain or
reci procating bar. These nmechanisns involve pawls attached to a
chain or bar that engage with the plate at the end of the plate
pack and slide this plate along the plate support to a di stance
of 2 to 3 feet, allowing the sludge cake to be discharged. This
process continues for each successive plate until all the plates
have been separated and the filter cake is renoved.
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4.5.6 Optional Equi pnent.

Optional equipnent that is typically provided to ensure safe
and successful performance includes safety guards, |ight
curtains, drip trays, and cake-breaki ng cabl es or bars.

4.5.6.1 Safety Guards.

A fixed guard is one type of safety feature for smaller
applications where it is possible to designate an operating and
non-operating side of the press. Fixed guards typically consi st
of a netal screen nmounted on the non-operating side of the press.
The primary function of this device is to prevent access to the
pl ate stack while the press is opening or closing. However, for
| arger applications (i.e., plates greater than 1220 mm (48
inches), it may be necessary to have access to both sides of the
pl ate stack; therefore, the fixed guards becone inpractical to
use. For these applications, a safety light curtain should be
enpl oyed.

In addition to the fixed safety guards, splash curtains can
be used to prevent access to the plates during operation. Splash
curtains are normally tenporary structures that encapsul ate the
press during the fill cycle and/or during power washing of the
filter media and plate or contain high-pressure | eakage.

Al though this type of device can be used as a tenporary safety
device, its primary function i s housekeepi ng.

4.5.6.2 Light Curtains.

The light curtain is an optional feature and the nost
comonly used safety device. This standard safety feature
i nvol ves a bank of photo cells, on alternative ends of the press,
that projects a continuous light curtain when activated. The
light curtain is automatically activated when the cl osing or
plate shifting mechanismis engaged. |If the light curtain is
interrupted or broken, the closing or plate shifting is stopped
i mredi ately. The ultimate function of this feature is to prevent
wor kers who are renoving or separating plates or foreign objects
from bei ng caught in the press.

Safety light curtains are commercially available in both
visible spectrumand infrared configuration. An advantage to the
vi sible spectrumcurtain is that their is no question whether it
is operating. |If, however, an infrared curtain is used, a
beacon-type or visual |ight indicator should be used to provide
positive assurance that the curtain is operating when the plate
mechani smis opening or closing. Typically, the horizontal bank
for a light curtain extends fromabout 0.6 m (2 feet) above the
operating floor to about 1.5 m (5 feet) above the floor, which is
the area that an operator m ght accidently get a hand or arm
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caught between a noving plate. However, light curtains are
avai l abl e that range fromthe floor upward to the maxi mum hei ght
of the press to ensure additional operator protection.

4.5.6.3 Drip Trays and Bonbay Doors.

Drip trays and bonbay doors are optional, but inportant,
housekeepi ng features that can be nmounted below the filter press
to collect drainage fromthe press. This drainage may consist of
residual filtrate discharged at the end of the filtration cycle,
| eakage fromthe plates during the filtration cycle, and washdown
used in general maintenance and cleaning. Drip trays typically
consi st of hinged single | eaf or double leaf trays sloped to a
| aunder | ocated on one or both sides and parallel to the Iength
of the press for drainage. Before the cake is discharged, the
drip trays nmust be manually slid to one end of the press or
removed to prevent themfrominterfering with the process of
enptying the press.

An automatic equivalent of drip trays that is often used to
collect this drainage is “bonbay doors.” Bonbay doors typically
consi st of two doors that are automatically opened and cl osed by
a hydraulic cylinder when the press is opened and closed. In the
cl osed position, these doors are closed under and parallel to the
l ength of the press. In the open position, these doors hang
vertically and parallel to the sides of the press. The primary
advant age of the bonbay doors over the drip trays is they are
automated and are | ess | abor extensive.

4.5.6.4 Cake Breakers.

An essential optional sludge cake design consideration
i nvol ves the use of cake breakers to break the sludge into
smal ler particles for further treatnent and di sposal. The design
of the cake breakers is based on the structural properties of the
dewat ered cake and desired particle size. Typically, cake
breakers consist of wires, bars, or cables |ocated beneath the
filter. The cake breakers are typically aligned parallel to the
| ength of press and spaced at a distance of 300 to 600 nm (12 to
24) inches apart.

4.6 FILTER PRESS ACCESSORI ES AND AUXI LI ARY SYSTEMS

Accessories and auxiliary systens used to support the filter
press applications include systens for the followng: filter
press feed (sludge transport) and prefilling, chem cal
conditioning, filter nedia precoating, filter cloth (water and
acid) washing, filtrate and sludge cake handling, and supplying
conpressed air. Detailed descriptions of the types of punps
required for liquid sludge transport and filtrate and sl udge cake
handling are presented in Sections 4.3 and 4.8 through 4. 10,
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respectively. Therefore, the information presented in this
section will only describe the application of chem cal feed,
precoatings, filter nedia wash, and conpressed air systens.

4.6.1 Chem cal Feed Systens.

Chem cal feed systens for filter presses typically consist
of conditioning chem cal feed systens, precoating systens, and
acid wash systens. Chem cal feed systens for precoating and the
acid wash systens will be described in detail in Subsections
4.6.2 and 4.6.3, respectively.

The foll om ng subsections present an overview of the
condi tioning chem cal feed systens for line, ferric chloride,
and/ or polymer preparation and feed systens and chem cal feed
control systenms. The selection guidelines and applicability of
specific conditioning chemcals are presented in detail in
Subsection 4.4.5. Detailed descriptions of these conditioning
chem cal feed systens are presented in the foll ow ng references:
EPA 1987, WPCF 1983, and VEF 1992.

4.6.1.1 Line Feed Systens.

Li me handl i ng equi pment typically used for filter press
systens involves the use of either a quick linme (CaO or hydrated
lime Ca(OH),. Both fornms are typically available in 36- and 45-kg
(80- and 100-1b) rmultiwall ed paper bags and in bulk. Quick Iime
in bulk is typically used for large applications (i.e., greater
than 114 kg/ hr [250 I b/hr] or 900 to 1,800 kg/day [1 to 2 tons
per day]) because it is nore econom cal to use than hydrated
Iinme.

Quick lime (CaO is commonly available in three grades: 88
to 96 percent CaO, 75 to 88 percent CaO and 50 to 75 percent
CaO. The use of quick line involves the preparation of a cal cium
hydroxi de slurry using water. This process, called sl aking,
generates heat and, thus, special equipnment is required. In
general, only quick linme that is highly reactive and qui ck
sl aki ng shoul d be used for conditioning. A slurry ranging up to
25 percent by weight can be prepared by sl aking, although a
maxi mum of 10 percent or less is typical. Special consideration
nmust al so be given to storing the quick linme in a dry area
because even noisture in the air may cause it to react and becone
unusabl e.

Hydrated linme is nmuch easier to handle than quick [inme

because it does not require slaking, it can be easily mxed with
wat er (w thout generation of excess heat), and it does not
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requi re any special storage conditions. However, it is nore
expensive and | ess avail able than quick Iine.

Li me handling systens typically include storage and
processi ng equi pnent, lime slurry and day tanks equi pped with
mechani cal m xers, and feed punps to transfer the slurry fromthe
day tank to the conditioning system The feed punps used for
transferring the linme slurry should be capable of handling
concentrations ranging from5 to 25 percent solids (WPCF 1983).
For this application, diaphragmtype and plunger-type nmeter punps
and progressive cavity punps are typically used. Prevention of
potential scaling in transfer lines and equi pnment should al so be
consi der ed.

4.6.1.2 Ferric Chloride Feed Systens.

Ferric chloride handling equipnment typically consists of a
bul k storage tank, a dilution tank, and feed punps to transfer
the dilute ferric chloride solution to the sludge conditioning
system Ferric chloride can be stored for |ong periods w thout
deterioration. It is typically stored in aboveground tanks
constructed of resistant plastic or in lined steel tanks.
Addi ti onal considerations for handling ferric chloride include
storage tenperatures and corrosivity. At tenperatures |ower than
0 C(30 F), ferric chloride solutions can crystallize. Therefore,
tanks nust be stored indoors or heated. Because of the corrosive
nature of ferric chloride, special materials nmust be used
i ncl udi ng epoxy, rubber, ceramc, PVC, and vinyl. Provisions
shoul d al so be taken to avoid direct contact with ferric
chl ori de.

Ferric chloride is usually fed to filter press conditioning
systens in a solution ranging between 10 to 20 percent.
Al though, ferric chloride is typically available in commerci al
strength between 38 and 42 percent, direct addition of commerci al
strength ferric chloride to sludge may result in heat |iberation
and resultant splatter. In addition, the costs would be high.
The feed punps used shoul d be capable of handling ferric chloride
sol ution concentrations ranging from10 to 42 percent (WPCF
1983). For this application, diaphragmtype netering punps,
chem cal gear-type punps, and progressive cavity punps are
typically used.

4.6.1.3 Polyner Feed Systens.

As described in Subsection 4.4.5, the polyners typically
used in filter press application conditioning are dry and |iquid
polymers. A brief discussion of these types of polyner feed
systens will be presented in the subsections that follow
Typically the dry polynmer systens are used because they are nore
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econom cal than the liquid polyner systens, although sone
facilities are built with both types of systens to add
versatility to the conditioning treatnent process. Mre detailed
informati on on these types of polyners feed and preparation
systens, in addition to nore other feed systens for other types
of polymer types (i.e., enulsion, gel, Mannich polyners) is
presented in the publication Design of Minicipal Wastewater

Treat ment plants--Manual of Practice No. 8 (WEF 1992).

4.6.1.3.1 Dry Polyner Feed Systens.

Dry polynmers are typically available in 22-kg (50-1b)
doubl e-wal | ed paper bags or polyethylene bags. Dry polyners can
al so be supplied in 820-kg (1800-1b) bags or in bulk shipnents
for larger applications. However, this is not usually desirable
because dry polyners should be stored in a dry, cool, |ow
hum dity area and usually have a shelf life of only 15 to 30
days. Because dust may devel op when the bags are enptied, the
storage and polynmer m xing area should be well ventilated, and
proper eye and respirator equi pnent shoul d be avail abl e.

The dry polynmer preparation and feed equi pnment typically
consists of a dry feed or an eductor or dispenser, mxing tank
and m xer, feed tank, and supporting solution and chem cal feed
met ering punps. The solution preparation system can be either
manual or automati c.

The dry polynmer is dispensed into the solution preparation
system by hand or volunetric feeder (i.e., screw or vibrating-
type) to an eductor. The eductor is used to prewet the dry
pol ynmer before adding it to the water in the solution m xing
tank. The working solution is then m xed and aged in the m xing
tank from30 mnutes to 2 hours. The m xer used shoul d be
vari abl e-speed, with a maxi num speed not to exceed 500 rpm The
aged polyner is then punped or transported to a pol yner sol ution
feed tank. This tank shoul d be adequately sized to hold a 24-
hour supply of polynmer. Fromthe day tank, the polyner is then
di spensed into the sludge stream by netering punps. The netering
punps shoul d be positive displacenent punps that have a vari abl e-
speed controller that can be adjusted to the sludge flow. In
general , di aphragmtype punps are used for applications of 6.3
L/s (100 gpm and | ower; and progressive cavity, gear, or |obe
punps are used for applications greater than 6.3 L/s (100 gpm.

I n nost applications, the polymer is further diluted with water
and is either injected into the sludge through an in-line entry
poi nt or added and m xed in a sludge conditioning tank. |If
dilution water is used, the dilution system should be equi pped
with a flow neter, such as a rotaneter, and control valves for
fl ow adjustnment. The tanks, piping, and valves for this type of
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pol ymer systemare typically constructed of PVC and fi bergl ass.
Any netal materials that may cone in contact wth the pol yner
sol ution shoul d be stainless steel.

4.6.1.3.2 Liquid Polyner Feed Systens.

Li quid polyners are typically available in 20-L pails, 210-L
(55-gallon) drums, 950-L (250-gallon) bins, or by bulk in 18.9-kL
tank trucks. Liquid polymer should be stored in heated areas
equi pped wth adequate ventil ation because of the harnful funes
and unpl easant odors that can generate fromthis type of polyner.
The shelf |ife of liquid polynmers is typically fromtwo nonths to
one year. Tanks used for bulk storage are typically steel-lined
tanks or fiberglass tanks with a storage capacity of 150 percent
of tank truck capacity or 15 to 30 days™ antici pated use.

Dependi ng on the quantity of liquid polynmer required and the
formof delivery used, |liquid feed systens range from |l arge
pol ymer sol ution preparation systens to conpact bl endi ng systens.
The | arge pol yner solution preparation systemonly differs from
the dry polynmer systemin that the preparation of the dry pol ynmer
wor ki ng solution is elimnated. Liquid polyner solution
preparation is perfornmed by manually or automatically dispensing
the liquid polyner and water into a tank. The dosage of liquid
polymer into the tank is controlled with a vari abl e-speed
metering punp. Fromthe tank, the liquid polynmer solution is
di spensed along with the sludge feed streaminto a conditioning
m xing tank or directly injected and/or further diluted by water
prior toin-line mxing wwth the sludge feed stream |In addition
to using the liquid polynmer systemas a stand-al one conditioning
process, this type of systemcan al so be conbined with the dry
pol ymer feed system

Conpact liquid polyner blending systens are typically used
in smaller applications, such as those involving |liquid pol ynmer
delivered in 210-L (55-gallon) druns or less. These systens are
typically sinple-to-use or plug-in type systens that consist of
t he pol yner storage device (i.e., drum), netering punp, a snal
detention and agi ng chanber, and a dilution water neter device
such as a rotaneter. These units maxim ze solution preparation
by sl owm xing and aging in the detention chanber.

4.6.1.4 Chem cal Feed Control Systens.

The specific control conponents and types of automatic
controls required for chem cal feed systens for filter press
applications are very application specific. Typically, types of
controls may include storage and feed preparation tank high-Iow
| evel sensors, automatic/mnual dosage input controllers,
metering punp controllers, manual on/off switch controllers, and
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| oss of flow sensors. These controls may be equi pped wth either
light alarmindicators or audible alarns systens. Chem cal feed
systens may be controlled fromseparate control panels or
integrated into a single control panel that provides overal
control for the entire sludge dewatering system However, either
of these control systens should be interlocked with the sludge
feed systemto discontinue chemcal feed addition if the sludge
feed is discontinued or vice versa. Additional details on
specific types and el enents of control systens are provided in
Section 4.7.

4.6.2 Filter Precoat Systens.

The use of precoat systens is an optional design
consideration that can be used to aid in the rel ease of the
sl udge cake fromthe filter nedia and to alleviate premature
blinding of the nedia fromresidual particles. The precoating
process involves punping a slurry of ash or simlar substance to
the filter press to provide a thin layer (e.g., 1.6 to 2.5 mm
[1/16 to 3/32 inch)) of coating against the filter nedia prior to
filling the press wwth sludge. The precoat systemis nost
applicable for sludges with high biological content or industrial
wast e sl udges because they have a tendency to stick to the
filtration nedia; and for high filter press pressure applications
(1.e., 1550 kPa [225 psi] ) because of problens with cake rel ease
and filtration nmedia blinding, regardl ess of the sludge feed
characteristics, because of the "extrusion" effect of solids into
the filter nedia caused fromthe high pressure (WEF 1983). The
use of a precoat may reduce the overall cycle tinmes and | abor
requi renent because the tinme and effort required to renove the
residual materials adhering to the filter nmedia is decreased. In
addition, the precoat material can protect the nedi a against
mechani cal danmage caused by sharp particles contained within the
slurry. The precoat systemis primarily applicable for the
fi xed-vol unme recessed filter plate system because the cake
rel ease for the variable-volune recess filter plate systemis
assi sted by a nechanical systemthat pulls the filter nmedia down
between the plates. Two types of precoat systens are typically
used: wet feed and dry feed. A schematic of these two systens is
shown in Figure A-8.

The dry system shown in Figure A-8, has typically been used
in the past for larger installations or operations that operate
on a continuous basis, but it is rarely used today. In the dry
materi al precoat system water fromthe filtrate storage tank is
circulated by the precoat punp through the filter press and then
returned to the storage tank. Wiile the water continues to
circulate and after the press has been entirely filled with water
and all air is evacuated, a predeterm ned anount of dry precoat
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material is transferred fromstorage to the precoat tank. The
filtrate water circulating directly to the press is then diverted
t hrough the precoat tank, which consists of a series of baffles,
and fornms a slurry with the precoat material. This slurry is
then circulated through the filter press to coat the filter

media. The filtrate water being passed through the precoat tank
is circulated at a high rate to ensure uni form and even
precoating. The precoat process typically lasts fromthree to
five mnutes.

The wet material precoat system shown in Figure A-8, is
nore commonly used. This system consists of preparing the
precoat prior to introduction into the press by a batch or
continuous m xi ng operation. The press filling operation for the
wet precoat systemoperation is simlar to that for the dry
material system However, after the press is filled with
filtration water, the prem xed precoat is punped to the filter
press and distributed uniformy throughout the filter nedi a.

Precoat materials comonly used include fly ash, incinerator
ash, di atomateous earth, cenent kiln dust, buffing dust, coal, or
coke fines. Typical precoat materials requirenents range from
0.2 to 0.5 kg/nt (5to 4 10 I b/ 100 sq ft), with a typical design
criteria of 0.4 kg/n? (7.5 Ib/100 sq ft) (WPCF 1983). The
punpi ng system shoul d be designed to conplete the filling process
inthree to five mnutes at a mninumrate of 0.2 to 0.3 L/nt¥es
(0.3 to 0.5 gpmsqg ft) of filter area. The filtrate storage area
is also sized to have a working volune of one and one-half to
tw ce the capacity of the filter press.

Overall, the precoat systemis an optional systemthat may
i nvol ve a econom ¢ eval uati on of equi pnment and operation and
mai nt enance costs versus additional filter cycle time, frequency
of cleaning and washing required, and wear and repl acenent of
filter nedia.

4.6.3 Wash Systens.

Filter nmedia wash systens are an integral part of the filter
press operation. Filter nedia wash systens are used, as
required, followng the filtration cycle to renove residua

sl udge cake, liquid feed sludge fromthe feed core (if core
blowing is not used), and solids and grease buil dup on and around
the filter nmedia to all ow subsequent uninhibited drai nage. The
removal of these materials is essential to prevent filter nedia
bl i ndi ng and mai ntai n at nospheric pressure between the filter
media and filtrate to alleviate back pressure buildup. Two types
of filter wash systens are typically used: water and acid wash
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systens. A conbination of these systens is used in applications
where scale buildup fromlinme conditioning occurs. In other
applications, such as those involving polymers for conditioning,
only water wash systens may be required.

4.6.3.1 Water Wash Systens.

Surface water washing of the filter media should be
performed frequently, typically as often as once every 8 to 10
cycles, to prevent residual solid buildup on the filter nedia
(WPCF 1983). The water wash systens commonly used consist of a
manual spray wash unit or an automatic spray wash system The
manual spray wash systemtypically consists of a hydraulic
reservoir, high-pressure wash punp operating up to 13.8 MPa (2000
psig), and hand-held wand for directing the spray. This system
i nvol ves manual ly directing spray to the areas of observed
bui | dups and is very |abor intensive.

Aut omati c spray wash systens are an optional feature. These
systens are typically included with the plate shifter mechani sm
to control washing of the entire filter nmedia system These
systens usually require high-pressure water punp boosters to
el evate the pressure of the utility supplied water. Although the
capital cost is much higher than the portable spray-wash system
the |l abor requirenents are significantly |lower, and the system
all ows nore through cleaning of the entire filter nedi a.

Two additional itenms that should be considered are the use
of strainers to renove solids fromthe washwater to reduce
pl uggi ng of the spray system and the use of a m st suppression
and control device to avoid corrosion and mai nt enance probl ens.

4.6.3.2 Acid Wash Systens.

The acid wash systemis primarily used for filter press
applications where sludge is conditioned with line. The use of
acid wash systemis essentially for larger or continuously
operating dewatering system however, the technical and
econom cal feasibility of its application should be evaluated for
small or intermttently operated systens. The acid wash system
is typically an internal washing systemthat uses a dilute
hydrochloric acid solution to renove |inme scale buildup on the
filter media. The acid wash nethod invol ves punping and
circulating the dilute acid throughout the press in a cl osed
position. Typically, continuously operating presses are acid
washed at |east every 30 to 40 cycles or as often as once a week
(WPCF 1983).
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Equi prrent for this systemusually includes a bulk acid
storage tank, acid transfer punp, water netering system dilute
aci d washwat er storage tank, acid wash punp, and associ ated
val ves and pi ping. The concentrated acid should be transferred
directly fromthe storage container to the acid wash solution
dilution tank by an acid-resistant (non-netallic) punp, such as a
drumpunp if the acid is shipped directly in small containers.
The dilute acid storage tank should be of sufficient capacity to
fill the press and allow for circulation. Typically, the
capacity of the dilute storage tank should be approximately 1.5
tinmes the capacity of the press (e.g., 70 L/nf[0.5 gallon per
cubic foot] of press). A lowpressure (e.g., 140 to 210 kPa [ 20
to 30 psi] maxi mun) and aci d-resistant punps shoul d be used for
dilute acid transfer and recircul ation. The piping and pl unbi ng
shoul d be provided to isolate the press fromthe sludge stream
and allow for recirculation to the acid wash storage tank and
final draining of the spent acid solution. A throttling valve
installed in the return line to the acid tank is often required
to ensure conplete top-to-bottompress filling and washi ng of the
filter-media. A schematic of a typical acid wash systemis shown
in Figure A-9.

The acid wash used in this process is typically 38 percent
concentration hydrochloric acid that is delivered in carboy
containers, by tank truck, or in tank car shipnments. A solution
strength of 5 percent up to a maxi num of 25 percent is typically
used.

4.6.4 Conpressed Air Systens.

Conpressed air is required for several functions and types
of equipnment wthin the filter press applications, including
press opening and cl osing for pneumatically operated
hydraulically controlled units, core and air bl owdown, plate
shifting, inflation of diaphragnms in variable-volune filter press
systens, operation of pneumatic controls, and operation of sludge
feed punps such as air diaphragm punps. Although air
requirenents will be specific to each application, the air
conpressor systens nornmally require nultiple air conpressors, air
filters, and silencers to renove noi sture and oil condensat es;
air aftercoolers; air receivers; and associ ated val ves and
accessories such as pressure gauges and automatic and manual
dr ai ns.

Al t hough specific to each application, two grades of air may
typically be required for filter press applications: plant grade
air and instrunent grade air. Instrunment grade air will consist
of dry, noisture- and oil-free air. This type of air wll
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normal Iy be required for equi pnment such as pneumatic-type
controls. Plant air typically consists of unfiltered air used in
operations, such as core and air bl owdown operations or inflation
of diaphragns in variable-volunme units. To supply these two
grades of air, a dual air supply systemmay be used in
conjunction with primary conpressed air supply. The side of this
dual systemthat supplies the instrunment grade air would
typically be equipped with an air receiver, air filters, air
coolers, air dryer, and associ ated val ves and pressure gauges.
The plant air side of this systemwould typically consist of an
air receiver and associ ated val ves and pressure gauges. The type
and quality of air required for specific equipnent may be best
determ ned by manufacturer*s and equi pnment supplier*s
reconmendat i ons.

Several considerations should be evaluated in the design and
sizing of the air conpressors, such as the capacity of the air
conpressor versus the air receiving tanks. For exanple, for
batch or applications requiring small amounts of air, a snal
capacity air conpressor and |arge capacity air receiving tank
system nmay be advant ageous over a systemw th an equally sized
capacity air conpressor and receiving tank because of maintenance
and operation considerations and initial costs of the system
However, if the application requires a nore continuous operation
or larger quantities of continuous air, a |larger capacity
conpressor and equally sized air receiving tank may be
advant ageous because | ess work may be required by the air
conpr essor

4.7 FEILTER PRESS CONTRO. AND | NSTRUMENTATI ON

The controls for the plate and frame system nay be nanual,
sem automatic, or fully automatic. Depending of the degree of
control and instrunentation automation, |abor requirenents can
vary dramatically.

4.7.1 Ceneral.

Control systenms for filter presses can range fromfully
manual |y controlled systens to fully automated systens. The
selection of the appropriate control systemis primarily based on
the size of the dewatering system the stability of operating
conditions, the conplexity of the system and the capability of

personnel required to run the system |In general, manual control
operation (i.e., manual val ves, and/or |ocal push-button
controls) would be appropriate for small installations and

installations that do not require additional systens such as
conditioning. Typically, these conditions are found in industrial
process applications and are rarely applicable to wastewater

sl udge applications. For wastewater applications, control
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systens generally fall into one of the following three
categories: renote manual, sem automatic, and fully automatic.

4.7.1.1 Renpte Manual Systens.
A renote manual systemis typically characterized as one
wher e:

1 All system functions are controlled by an operator from
a centrally | ocated panel.

Al'l operating el enents, such as val ves and punps
associated with the filter press and associ ated support
systens, are individually opened, closed, started, and
st opped by mani pul ation of switches |ocated at the
central control panel

The control panel for this renpte systemtypically includes
operating swtches for each el ement and indicator |ights show ng
their status, a filter cycle conplete alarm and an indicator and
an annunci ator to sound an al arm under specified conditions.

This panel nmay al so be equi pped with color coded interconnecting
lines with arrows to guide the operator in the proper sequence of
actions to be taken.

In addition to the features descri bed above, the renote
manual systemis al so equi pped with features such as safety |ight
curtains and interl ock systens that cause the systemto
automatically stop if specific conditions are not net. Detailed
descriptions of the safety light curtain and interlocking systens
are presented in Subsection 4.7.2.3.

4.7.1.2 Sem automatic Systens.

A sem automatic control systemtypically consists of
subcycles within the dewatering process that can be manual |y
started or stopped, such as the prefill/precoat, start filtration
or feed, core blow ng, sludge cake discharge, and filter nedia
wash cycles. This control systemconsists of an alarmthat is
given at the end of each subcycle to alert the operator that the
next subcycle can be initiated. This type of systemwl|
normal Iy include a graphic representation of the systemwth
status indicators for all operating conponents.

This type of systemtypically contains one central control
panel and |ocal renote control panels or subpanels within the
central panel to control the subcycles. The control of the
subcycle is typically initiated by an off- automatic switch
| ocated on or within the |ocal panel or subpanel. As with the
remot e manual system safety and interlocking features are al so
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provided with this type of control system |In addition to
interfacing of central and | ocal renote panels, control panels
and controls should be interfaced and coordi nated wi th ot her
remote control systens, as required, such as a Supervisory
Control /and Data Acquisition (SCADA) system annunciators, etc.,
that may be used in for process variable nonitoring throughout
the conpl ete water or wastewater treatnent process.

As a minimum the system control panel should include
“start” buttons for operating the subsystens; selector swtches
to shift fromprimary to a redundant operating unit (i.e.,
punps); a feed pressure recorder; l|level indicators for all tanks
and/ or bins used throughout the system and alarmindicators for
cycle conpletion, tank/bin [ ow or high | evels, and equi pnent
mal function. In addition to these conponents, auxiliary control
and recordkeeping instrunmentation for large installations could
i ncl ude sl udge concentration indication/recording, cycle start
time and project cycle time indication, instantaneous cycle feed
rate and totalizer, cake and filtrate concentration status, and
total operating hours for major operating conponents to aid the
i npl enent ati on of mai ntenance.

4.7.1.3 Fully Automatic Systens.

Ful ly automatic systens are the sane as sem automatic
systens, except the conplete operation fromthe pref ill through
the end of the filtration cycle is initiated through a single
“start cycle” push button. Although this systemis automatically
controlled during the filtration cycle, this type of systemis
normal Iy equi pped with selector swtches for control of subcycles
within the filtration cycle.

4.7.2 Common Control El enents.

Three inportant el enents that should be incorporated in any
control systeminclude feed pressure recording, filtrate fl ow
measur enent, and safety and interl ocking systens.

4.7.2.1 Feed Pressure Recording Systens.

Feed pressure nmonitoring throughout the filtration cycle is
one of the best nethods of nonitoring whether the systemis
operating well. As described in Section 2.0, the pressure trace
during the filtration cycle normally generates an “S’ curve.

Devi ati ons noted when conparing the current cycle with previous
cycles may indicate a problem This nonitoring can be perforned
by use of a strip recorder placed within or adjacent to the
system control panel.
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4.7.2.2 Filtrate Measurenent Systens.

In typical applications, a conbination of feed term nal
pressure and reduction in filtrate flowto a predeterm ned |evel
is used to indicate conpletion of the filtration cycle. The
filtrate flowis normally neasured in a weir tank, equipped with
an alarmswi tch, that is further described in Section 4.10.2,
that signals when the flow drops to a predeterm ned |evel. The
feed term nal pressure is nornmally neasured by a pressure swtch.
Once either the specified mnimumflow rate or term nal pressure
is achieved, the sludge feed systemis shut off.

4.7.2.3 Safety and Interl ocking Systens.

Safety and interlocking systens are essential for all filter
press installations. For this discussion, safety systens wll
i nclude only those that when engaged interrupt service, such as a
safety light curtain. Interlocking systens refer to systens that
prevent or start a sequential step of the process unless a
specific condition is net, such as the filter press not opening
if the feed pressure is greater than zero.

4.7.2.3.1 Safety Systens.

The primary safety systemused in filter press applications
is a safety light curtain. Safety light curtains are devices
t hat consist of a bank of photo cells on alternative ends of the
press that, when activated, forma continuous light curtain
during closing or plate shifting activities. |If the Iight
curtain is interrupted or broken, the closing or shifting is
stopped imedi ately. The light curtain therefore acts as an
interlock when the plate is closed opened, or shifted. The |ight
curtain should also be wired for “fail safe” operation to ensure
t hat beam m sal i gnment or failed wiring causes the systemto de-
energi ze the safety relay and prevent filter operation. |If the
light curtain causes the plate closing or shifting nechanismto
trip, the systemshould only be reactivated by use of a |anyard,
a |l ocal push—button control, or froma centrally |located contro
panel . However, the reactivation device should be |ocated far
enough away fromthe filter to ensure the area is clear before it
is restarted. Once the filter is pressurized, the light curtain
interlocking is bypassed to all ow automati c mai ntenance of the
hydraul i ¢ cl osure pressure.

4.7.2.3.2 lnterlock Systens.

Several types of interlocking systens are typically used in
filter press applications. These systens range fromthose that
prevent the start of the filtration cycle if adequate hydraulic
pressure does not exist to hold the filter closed to those
preventing discharge of the sludge cake if the cake receptacle is
not in place. The nost commonly used interl ocking systens
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i nclude those for starting the filtration cycle and filter
openi ng, and those for drip trays/bunker cover, conveying, and
sl udge cake receptacl e systens.

The start cycle interlock system should be provided to
prevent the sludge feed from being punped to the filter systemif
adequat e hydraulic pressure does not exist to keep the plates
tightly in place during the filtration cycle. This type of
interlock systemis not only desirable for housecl eani ng purposes
but also for safety purposes.

The open filter interlock system should be provided to
ensure that the hydraulic pressure holding the filter closed
cannot be released if the pressure within the sludge feed system
is greater than zero. This type of systemis desirable to avoid
excess housecl eaning and to provide safe operation. This type of
systemis essential for feed systens that involve pressure vessel
surge tanks or equalizer tanks.

The drip tray/bunker cover interlocking system should be
used to provide proof that the drip tray and/or bunker covers are
open prior to discharge of the filter cake. This systemis
normal Iy designed using limt switches that nonitor both the
hydraulic pressure applied to the press closing nmechanismand the
position of the trays/covers. This interlock systemw /|| not
allow the press to be opened unless the trays/covers are opened.
This type of systemis used primarily to avoid inadvertent
di scharge of sludge cake that may cause operation problens and
damage to the trays/covers.

The conveying interlock systemis only applicable when a
conveyor systemis used in the sludge cake di sposal process.
Typically, this type of systemw ||l be interlocked wi th anot her

sequential treatnment process step (i.e., incineration) or to a
bunker or receptacle used for a storage prior to ultimte
di sposal. 1In general, the follow ng controls should apply to al

conveyor installations:
I Al conveyors should be equi pped with notion sw tches.
I  Startup of the conveyor system should be in sequenti al

order based on proven startup of upstream conveyors or
sequential treatment processes.

Fai lure of a downstream conveyors or sequenti al
treat ment processes shoul d cause i nmedi ate shutdown of
upst ream conveyors.
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1 Fai |l ure of upstream conveyors shoul d cause sequenti al
shut down of downstream conveyors or sequential treatnent
processes. This should be perfornmed on a basis (i.e.,
ti med—based) to ensure that the previous |oad on the
downstream si de has been conveyed or processed.

The sl udge cake receptacle interlocking system should be
provided to ensure that the sludge cake receptacle (i.e.,
dunpster or truck) is in place prior to the sludge cake
di scharge. This is essential when the receptacle is not in
visual sight of the filter operator. For this type of system a
| ocal push-button type station that is operated nmanually coul d be
used. Electric eye devices or load cells could al so be enpl oyed.

4.7.3 Specific Control Elenents.

The filter press and supporting systens can be equi pped with
several types of control elenents depending on the degree of
control desired. The types of specific control elenents for a
filter press systemmay include sensors, neters, interlocks,
controllers, control valves, and recorders. Further information
for these types of control elenments are presented in the
foll ow ng reference: WEF 1992.

4.8 SLUDGE CAKE HANDLI NG AND STORAGE
Thi s section addresses sludge cake handling and storage.

4.8.1 Sludge Cake Handling.

Sl udge cake handling is typically perfornmed either by
dunping the material directly into a bunker below the unit for
storage or by dunping it onto a conveyor for subsequent
processing or storage. The specific cake handling nethod used
primarily depends on the ultimte disposal nethod. For exanpl e,
if an offsite disposal nethod such as landfilling or incineration
is to be used, the sludge may be deposited directly into a
st orage contai ner or truck.

St orage containers are typically used for snaller press
applications through the use of optional equi pnent such as
extended pl atforns equi pped with drumor roll-off box chutes and
appropriately sized storage containers. For exanple, for snmaller
presses (i.e., 18 to 24 [470 and 630 mm]) a drum platform chute
may be advant ageous over the roll-off platformor direct
di scharge into trucks; whereas, the roll-off platformand chute
may be nore applicable up to the 0.7-n% (25-cubic yard) roll-off
box applications. Wen using direct discharge into trucks, the
filter press may need to be elevated for direct deposit into
trucks, adequate space should be allowed for the trucks or
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containers to be | oaded and unl oaded, and an anpl e nunber of
trucks shoul d be available for the anticipated vol unme of sludge
gener at ed.

For further onsite treatnent, such as thermal processing
(i.e., sludge cake drying and incineration), or renote |oading
for offsite disposal, two potential sludge cake handling nethods
usi ng conveyor systens could be used. The first nethod invol ves
provi ding storage directly below the press and a conveyi ng system
that leads to the onsite treatnent device. The second nethod
i ncl udes a conveying systemfromthe press to an internedi ate
storage facility between the press and onsite treatnent device.
The accunul ated sludge in internedi ate storage woul d be
subsequently netered to the onsite treatnment device. Typica
sl udge conveying systens are further described in Subsection
4.9.1 of this appendi x. For additional information on thernal
processi ng nethods (i.e., sludge drying and incineration),
equi pnent, and design criteria refer to the follow ng
publication: WEF 1992.

4.8.2 Sludge Cake Storage.

The overall size and use of cake storage devices is based on
the frequency and quantity of sludge cake generated and the
ulti mate di sposal nethod. For exanple, for snmaller applications,
material may be directly discharged to a drum or dunpster
However, for |arger applications, the material may be di scharged
to aroll—eff box that can be directly | oaded onto a truck for
of fsite disposal or discharged onto a conveyor for further
treatment. Typical types and sizes of disposal receptacles range
fromchute disposal systens equipped with 210-L (55-gallon) druns
to 0.7—a% (25-cubic yard) roll-off boxes that can | oaded directly
onto trucks for further disposal.

Desi gn consi derations for the storage of sludge cake include
both di scharge into and renoval from storage containers, Sludge
cake has thixotropic characteristics that can change the materi al
froma firmcake into gelatinous discrete masses that, if allowed
to settle, will reconpact with tinme. Therefore, the overal
characteristics of the cake that is renoved fromstorage is
typically different fromthe sludge cake di scharged into storage.
A design concern with any type of cake handling and storage is
bridgi ng, or buildup of sludge cake, which prevents renoval of
the cake. To avoid bridging, sludge cake storage bins should be
constructed with steep side walls (greater than 5 vertical to 1
horizontal). In addition, if further processing or treatnent is
required, a “live bottont (i.e., conveyor or screw auger) should
be used over the full bottomlength of the bin. For this
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application, a chain and flight conveyor nechani smor gauged
helical screws with a m nimum cl earance to the outside of the bin
shoul d be used to mnimze bridging effects. A variabl e-speed
control device should al so be used in conjunction with the |live-
bott om nechani smto achieve the desired |oading rate to
subsequent process or treatnent units.

In addition to design considerations for discharge and
removal of sludge cake from storage contai ners, housekeeping
consi derations should al so be considered for in the design of
sl udge cake di scharge systens. Housekeepi ng consi deration
i ncl udes the use of optional features and equi pnment to reduce the
anmount of liquid sludge and potential for “splashing” or
“sl oppi ng” upon sl udge cake discharge fromthe press to the
storage receptacle or transport equipnent. To reduce to anobunt
of liquid | eakage into the sludge storage receptacle during the
filtration cycle optional equi pnment could be used such as drip
trays and bonbay doors, as described in Subsection 4.5.6.3. To
reduce to anmount of liquid sludge present prior to the sludge
cake di scharge optional features could be used, such as air
and/ or core blow ng, as described in Subsection 4.3.4. In
addition to those optional features and equi pnent used prior to
sl udge di scharge, sludge cake handling equi pnment, such as drum
pl atfornms and chutes for smaller applications and direct disposal
chutes into roll-off boxes or directly onto conveyor systens for
| arger applications, as described in Subsection 4.8.1, could al so
be used.

4.8.3 Standby Capabilities.

A critical factor that should not be overlooked is the
standby capability of the sludge dewatering system The standby
systemrefers to auxiliary sludge cake handling capability and
equi pnent that is necessary in the event of a breakdown of the
pri mary cake handling or disposal equipnment. Although nost
multiple-unit filter press sludge dewatering systens are equi pped
wi th adequate dual auxiliary sludge conditioning, punping, and
filter press backup capability, standby capability for sl udge
cake handling is sonetines overl ooked in the design. |If a
conveyor or live-bottom (conveying) storage bin breaks down, a
“bottl eneck” may occur and result in the shutdown of the
dewat eri ng system Al though nost sludge handling equi pnent, such
as conveyors, are reliable and the cost of dual or additional
equi pnent nmay be consi dered unwarranted, the consequences of a
shut down of the dewatering system can be substantial. Therefore,
addi tional handling equi pnent or provisions for an alternative
handl i ng or disposal option, such as an alternative conveyor that
| eads to a tenporary storage contai ner or trucks or direct
di scharge into storage receptacles, should be considered.
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4.9 SLUDGE CAKE TRANSPORT.

Sl udge cake is normally transported at the treatnent
facility by conveyor systens. However, other systens, such as
auger and punping systens, can al so be used to transport sl udge
cake. In all cases when selecting a sludge cake transport system
consi deration nust be given to mnimzing agitation in order to
reduce changing the thixotropic or plastic characteristics of the
sl udge, odor control, and housekeepi ng concerns such as spill age.

The subsections that follow provide an overvi ew of design
consi derations for conveyor, auger, and punping systens for
sl udge cake transport. More detailed information on the
application of these types of systens is presented in the
publication Design of Minicipal Wastewater Treatnent Plants--
Manual of Practice No. 8 (WEF 1992).

4.9.1 Conveyor Systens.

Conveyor systens are the nost commonly used sl udge cake
transport nechanismfor filter press applications. Located
beneath the filter press, conveyors can transport the discharged
sl udge cake to a storage hopper, to a truck loading facility, or
to an additional onsite disposal or treatnent process (i.e.,
incineration). Conveying systens may involve horizontal,
inclined, or cross-collection transfer. For horizontal conveyor
transfer, a flat conveyor belt equipped wth side skirts or
troughs | ocated beneath the filter press are used. A narrow feed
chute fromthe press discharge to the conveyor should be used to
direct the sludge cake to the belt discharge point.

The inclined belt transfer involves conveyor belts equi pped
with cleats or corrugations to ensure that the cake is
transported without slipping or rolling. Potential problenms with
this type of conveyor systemi ncl ude i nadequate scrapi ng and
cl eaning of the belt. Drag flight (chain) conveyors can al so be
used for inclined conveyor applications however, these conveyors
can be a potential maintenance problem because of wear to chain
and flights and cl eaning requirenents.

The cross-collection conveyor can be either horizontal or
i nclined.

Cake conveyor systens are typically a major housekeeping
concern for filter press installations. The conveyor design
shoul d consider mnimzing transfer points to avoid the
accunul ati on of sludge material. The design of the conveyor
system shoul d al so include provisions for additional rollers for
t hose areas where the sludge drops onto the conveyor.
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4.9.2 Auger Systens.

Auger systens can be used for horizontal, inclined, or
vertical novenent of dewatered sludge. These systens nove
dewat ered sl udge by the pushing action of a helical blade
attached to a center shaft. The blade and shaft of the auger are
mounted in a U shaped trough or enclosed in a tubular housing. A
drive nmechanismturns the center shaft that is supported by end
bearings and internedi ate bearings as necessary to reduce shaft
defl ection.

St andard auger systens are nost useful for noving dewatered
sl udge horizontally over relatively short distances. The |length
of auger systens in nost wastewater treatnent facilities is
limted to 9 to 12 m (30 to 40 feet), although |onger
applications are possible. Inclined auger systens required
different design criteria than horizontal systens and are | ess
efficient. The capacity of an inclined auger systemis reduced
approximately 2 percent for each degree of incline over 10
degr ees.

Desi gn consi derations for auger systens are simlar to those
for belt conveyors. Characteristics, volunme, and variability of
the sludge are inportant design considerations. A major
advant age of an auger system over a belt conveyor is that the
auger system can be conpletely enclosed to control odors and
reduce housekeepi ng requirenents.

4.9.3 Punping Systens.

Only two types of punps, progressive cavity and
hydraulically driven reciprocating piston punps, have been used
wth [imted success to transport sludge cake in lieu of belt
conveyors and augers. Advantages of punps include control of
odors, spills, and noise. However, punps usually require nore
energy expenditure than conveyor systens. Head |osses for nost
sl udge cake punping systens are high and often range from1l1l.4 to
6.9 MPa (200 to 1,000 psig), depending upon the |ength,

di aneter, and configuration of the discharge piping.

Progressive cavity punps have been used with Ilimted success
to punp sludge cake, and application of these punps should be
l[imted to punpi ng wet sludge cakes with solids concentrations of
approximately 15 percent or less. Hydraulically driven
reci procating piston punps were devel oped from concrete punping
t echnol ogy and have al so been successfully used to punp sl udge
cake. The principal advantage of these punps over other punps is
that they can nove sludge cakes with a wi der range of
plasticities. Additional descriptions of these two types of
punps is also presented in Section 4. 3.
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4.10 DI SPOSAL OF FI LTRATE AND CAKE
The subsections that foll ow descri be disposal of both
filtrate and sl udge cake.

4.10.1 Filtrate Managenent.

The filtrate managenent systemis an inportant part of
monitoring the effectiveness of the filtration cycle because the
mnimumfiltrate flowrate is typically used in conbination with
a termnal pressure to determne the end of the filtration cycle.

The filtrate flowrate is normally slightly less than the
feed rate of sludge to the press. The filtrate typically has a
| ow solids content because of the renoval of solids in the press,
and it has a biol ogical oxygen demand (BOD) and chem cal oxygen
demand (COD) concentrations, and for HTRWsites may can
contam nant concentrations, simlar to or |ower than that of the
sludge feed. 1In addition to nonitoring the filtrate flowrate to
determne the end of the filtration cycle, the quality and rate
of filtrate flow should be nonitored throughout the filtration
cycle for changes that indicate required conditioning adjustnents
or suggest the occurrence of filter nedia blinding.

Filtrate is typically discharged to an overflow tank to
prevent solids escape in the event of nedia failure. The
filtrate tank is typically equipped with an overflow weir (i.e.,
V—otch weir) and | evel sensors to indicate when a stable m ni ma
flow rate has been achieved. As described previously, this
mnimumflow rate indication is often used in conmbination with
maxi mum term nation pressure indication to end the filtration
cycl e.

For non- HTRW applications stored filtrate is typically used

as makeup water for the precoat or prefilling systenms, returned
to primary treatnment processes, or transferred to subsequent
treat nent processes prior to disposal. However, for HITRW

applications, because the filtrate has the potential to stil
contain contamnants, the filtrate is typically only returned to
primary treatment processes or transferred to subsequent

treat nent processes prior to disposal and not recycled for nakeup
water for the filter press operation.

4.10.2 Disposal of Sl udge Cake.

Common net hods of di sposing of HTRWor industrial sludge
cake include disposal in landfills and incineration. O her
options for non-HTRW generated and certain industrial sludge
i ncl ude di sposal on agricultural and non-agricultural land. The
met hod of sl udge di sposal depends on the type of sludge treatnent
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provi ded and the chem cal characteristics of the sludge after
treat ment.

4.10.2.1 Landfills.

Landfilling is a sludge disposal practice in which sludge is
deposited in a dedicated area, alone or with solid waste, and
buried beneath a soil cover.

Sl udge di sposal in solid waste landfills nmust conply with the

m ni mum requirenments in 40 CFR 258 and any additional state

regul ations that are nore restrictive. Sludge that is defined as
hazar dous waste under 40 CFR 261 may be di sposed of in RCRA-
permtted landfills. Prior to disposal, the sludge nmust be
treated to neet the requirenments specified in 40 CFR 268.

4.10.2.2 |Incineration.

I ncineration is a disposal practice that destroys the
organi c pollutants and reduces the vol une of sl udge.
I nci neration takes place in a closed device using a controlled
flame.

The advantage of using an incinerator to dispose of sludge
is that the volune of sludge requiring final disposal in a
landfill is greatly reduced. The disadvantages of incineration
i ncl ude high capital and operation and nmai nt enance costs.

New i ncinerators nmust neet the New Source Perfornance
St andards (40 CFR 60, Subpart 0) pronul gated under the Clean Air
Act. If the sludge is defined as hazardous under 40 CFR 261, the
i ncinerator nust neet the requirenents of 40 CFR 264, Subpart O.
Resi dual ash fromthe incineration of sludge that is a listed
hazardous waste renmai ns a hazardous waste until it is delisted,
and it nust be disposed of as a hazardous waste.

4.10.2.3 Sludge Application to Agricultural Lands.

Application of the sludge cake from donestic sources to
agricultural land is often used to inprove the condition and
nutrient content of the soil for agricultural crops. However,
this disposal nethod is not an option for HTRWwaste generated
sl udge.

4.10.2.4 Sludge Application to Dedi cated Land.

The objective of sludge disposal from donestic sources on
non—agricultural land is to enploy the land as a treatnent system
by using the soil to bind netals and by using soil
m croorgani snms, sunlight, and oxidation to destroy organic
matter. Frequently, the dedicated | and disposal site has a non-

A-92



ETL 1110-3-457
30 SEP 94

food chain cover crop to reduce the potential for runoff or
| eaching of the pollutants to surface or ground water.

Sludge that is listed as a hazardous waste under 40 CFR 261
or that is derived froma listed hazardous waste could not be
di sposed in this manner unless the sludge was delisted in
accordance wth 40 CFR 260. Requirenents for |and di sposal of
sl udge that may be a hazardous waste should be coordinated with
federal and state regul atory agenci es.

5.0 LEGAL REQUI REMENTS AND PERM TS.

Federal and state |egal requirenments nust be addressed if
the plate and frane filter press is selected as the nethod to
dewat er the sludge. Applicable federal and state | aws and
regul ati ons generally address treatnment and di sposal of sludge
fromthe filter press. Federal regulations are authorized under
several federal statutes. State regulations are generally simlar
to federal regulatory requirenents, but may vary anong the
states. Although other laws may apply to the use of a plate and
frame filter press, the nost applicable federal |aws include the
Cl ean Water Act (CWA), Resource Conservation and Recovery Act
(RCRA), and Conprehensive Environnmental Response, Conpensation,
and Liability Act of 1980 (CERCLA), as anended by the Superfund
Amendnent s and Reaut hori zation Act of 1986 (SARA). A summary of
these laws and their inplenenting regulations to the plate and
frame filter press operations are discussed in the follow ng
sections.

5.1 CLEAN WATER ACT (CWA).

The CWA was passed by Congress in 1972 and was anended by
the CWA of 1977. Section 405 of the CMA required the United
States Environnental Protection Agency (EPA) to devel op
regul ations for the use and di sposal of sewage sludge. These
criteria are included in regul ati ons co-promnul gated under
Subtitle D of RCRA (Solid Waste Di sposal facilities) and Section
405(d) of the CWA and are found in 40 CFR 257 and 40 CFR 503.

5.2 RESOURCE CONSERVATI ON AND RECOVERY ACT ( RCRA)

RCRA and the regulations that inplenent it are applicable to
the plate and frane filter press if the filter press is used for
dewat eri ng a hazardous waste as defined under Subtitle C of RCRA
and 40 CFR 261. RCRA is also applicable if the residual cake from
the filter press is a hazardous waste as defined under these | aws
and regul ations.

Federal regul ations that address hazardous wastes are
| ocated in 40 CFR 260 through 40 CFR 270. The requirenents in
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t hese regul ati ons should be coordinated with federal and state
regul at ory agenci es.

In addition to these regul ati ons addressi ng requi renents for
t he sl udge generated from hazardous waste, they regulations al so
address exclusions to permtting for treatability studies if
performed in accordance to requirenents provided in 40 CFR 261.

5.3 COWPREHENSI VE ENVI RONMENTAL RESPONSE. COMPENSATI ON.  AND
LIABILITY ACT OF 1980 (CERCLA) AS AMENDED BY THE SUPERFUND
AVMENDMENTS AND REAUTHORI ZATI ON ACT OF 1986 ( SARA)

The primary purpose of CERCLA/ SARA is to address past
di sposal of hazardous wastes. Portions of the |aw that address
past disposal of hazardous wastes are not applicable to the
operation of a plate and franme filter press. Title Il of SARA
established a programthat requires facilities, including
wast ewater treatnent plants, to notify state and |ocal officials
if the facility has hazardous substances in excess of specified
t hreshol d amounts (40 CFR 355 and 40 CFR 370). Hazardous
substances and hazardous chem cals that could be used in the
operation of the filter press include acids, caustics, and
possi bly sl udge conditioners dependi ng upon the chem cal s
sel ect ed.

5.4 STATE REGULATI ONS.

State and | ocal regulations and ordi nances will al so inpact
t he design and operation of the filter press. The EPA frequently
del egates authority to the individual states to inplenment
portions of the CWA and RCRA. Wen the state has received
authority to inplement an EPA program the state nust pronul gate
regul ations that are at least as restrictive as the federal
regul ations. States may al so promul gate regul ations that are
nore restrictive than the federal regul ations.

States and | ocal governnent agencies may al so adopt
regul ati ons and ordi nances addressing building codes and safety
features that nmust be incorporated into the design of the filter
press. These regul ations may address such issues as handrails
and guards, first aid equipnent, lighting, and ventilation.

State and |l ocal regulatory requirenents will vary anong the
states and shoul d be addressed during the design of the plate and
frame filter press.
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6.0 TREATABILITY STUD ES.

Treatability testing can be perfornmed to eval uate design
paraneters and the potential effectiveness of the filter press.
This testing may begin at the bench-scale | evel and proceed to
pilot-scale and/or full-scale testing. However, if pilot-scale
testing is not feasible, the design can be devel oped fromthe
bench—scal e dat a.

6.1 TYPES OF TREATABILITY TESTI NG
The types of tests that can be perforned include basic
filterability tests and tests to optim ze chem cal conditioning.

6.1.1 Basic Filterability Testing.

Basic filterability testing involves the evaluation of the
filtering properties of the sludge and determ nes the ease of
separating the water phase fromthe solid phase (EPA 1987; WEF
1992). Two basic paraneters that can be used to provide design
information on final solids concentration are specific resistance
and capillary suction time (CST). The specific resistance
testing can be used as a basic guide in estinmating the solids
yield and cake solids. CST tests can also be used to evaluate
whet her the sludge can be easily dewatered; however, they are
primarily used to evaluate the effectiveness of sludge
condi ti oni ng.

6.1.2 Conditioning Tests.

Optim zation of chem cal dosages is not only inportant to
the dryness of the cake, but it also affects the solids capture
rate and solids disposal costs. Several types of tests can be
performed to evaluate the effectiveness of a single conditioning
chem cal or group of conditioning chem cals. Standard test
procedures that may be perfornmed include jar tests, CST tests,
Buchner funnel tests, and pilot-scale and on-line testing.

Al t hough chem cal dosages should be initially evaluated, they
shoul d al so be reeval uated periodically because of changes in
sl udge characteristics.

6.2 TEST PROCEDURES.

Test procedures that can be used for both basic
filterability testing and/or conditioning testing include jar
tests, CST tests, specific resistivity tests, and pilot and on-
line tests.

6.2.1 Jar Testing.

Jar testing, the sinplest type of conditioning testing, is
often used for the prelimnary evaluation of the type and
estimated quantity of conditioners required. Jar testing
i nvol ves the visual observation of the size of sludge floc
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produced when various types and quantities of different types or
conbi nati on of conditioning chemcals are m xed with sanples.
This type of testing can be used to screen or elimnate different
types of chem cal conditioners and determ ne the effects of
different dosages of a specific conditioner. A description of
the jar testing procedure is outline in the publication Design
Manual - - Dewat eri ng Muni ci pal Wast ewater Sl udge (EPA 1987).

6.2.2 Capillary Suction Tine Testing.

The capillary suction time (CST) test involves neasuring the
time to nove a volune of filtrate over a specified distance as a
result of the capillary suction pressure of dry filter paper.

The CST test provides information regarding the ease of
separating the water portion fromthe solids portion of sludge.
This type of testing is nost effectively used during the

sel ection of the optinmum conditioner dosages during on-line
tests. The CST is typically defined in units of tine (seconds).
For, exanple, the typical range of CST for unconditioned organic
wast ewat er sludge is 100 to 200 seconds (EPA 1987). |In general,
to dewater this type of sludge in a filter press, a CST of 10
seconds or less is required. A detailed theoretical description
of this nethod and its procedures are presented in the
publ i cati on Design Manual - - Dewat eri ng Mini ci pal WAst ewat er Sl udge
( EPA 1987).

6.2.3 Specific Resistance Testing.

Specific resistance testing has been wi dely used and
investigated as a paraneter to evaluate the effectiveness of
filterability. Specific resistance is typically defined in units
of tetraneters (102 m) per kilograms (Tm kg). The specific
resi stance for raw wastewater typically ranges from 10 to 100
Tmkg (1.5 x 102 to 15 x 10 ft/1b) (EPA 1987). GCenerally, the
specific resistance can be adjusted by a factor of one hundred to
one thousand (e.g., 0.1 to 1.0 Tmkg [1.5 x 10* to 15 x 10%
ft/Ib]) with proper conditioning. A lower specific resistance
i ndi cates increased dewaterability. This testing can be
performed by cal culating the specific resistance from Buchner
funnel testing and/or by measuring the specific resistance
directly with specific resistance test neters.

The Buchner funnel test is a nethod commonly used for
predicting the specific resistance of sludge. A detailed
theoretical description of this testing and its procedures are
provided in the publication Design Manual - - Dewat eri ng Mini ci pal
Wast ewat er Sl udge (EPA 1987).

6.2.4 Pilot-Scale and On-Line Testing.
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Based on the results of jar tests or the other tests
previously described, pilot-scale testing or on-line testing can
be performed to evaluate different conditioners and to determ ne
their opti num dosage based on actual thickening or dewatering
performance. During pilot-scale and on-line tests, actual
sanpl es of the raw sludge feed, conditioned sludge, thickened or
filter cake discharge, and filtrate or supernatant are coll ected
and anal yzed. On the basis of these test results, an economc
anal yses may al so be perfornmed as part of the final evaluation of
the opti num dosage. In addition to evaluating and optim zing
conditioning agents, pilot-scale and on-line testing can be used
to determine filter press operating conditions such as opti nal
filtration cycle tinmes and pressures (i.e., feed, conpression,
extraction), required filtration area, and the need for filter
medi a precoat and filter aids.

Pilot-scale testing is comrercially avail able from severa
manuf acturers that have bench-scal e equipnent (i.e., cylinders or
plate unit) and trailer nmounted equi pment that can sinulate
actual operating conditions.

In addition to pilot-scale testing, on-line testing to
verify optiml operating conditions should be performed after
installation of the filter press. During this testing,
condi tioni ng dosages may be further optim zed, and act ual
dewat eri ng operation conditions (such as cycles tines) and
equi pnent selections (such as the filter nedia or the need for
precoating or filter nmedia washing) may be further defined.

7.0 SIZING CRITERI A

The sizing of the major conponents of the filter press and
accessories and auxiliary systenms primarily depends on the
specific flowrate and type of sludge generated and its
associ ated characteristics. In addition to the sl udge
characteristics, the node of operation, such as the overall size
of the required sludge dewatering systens and whet her the sl udge
dewat eri ng system requires continuous batch operation or is an
operated in a periodic batch node, will also affect the sizing of
maj or conponents. An exanple of a continuous batch node
operation is a nunicipal wastewater treatnent systemthat
requi res several sludge dewatering cycles per day and conti nuous
operation over a 5 to 7-day period per week because of continuous
flow or wastewater being treated. An exanple of a periodic batch
operation systemis an application where only |imted anounts of
sl udge are generated over an extended period of tine or where a
batch waste treatnment systemis only used periodically for sludge
dewat ering. The specific type and size of equi pnment should be
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capabl e of processing the sludge to a formsuitable for its
ultimate di sposal

The “Ten States Standards,” Recommended Standards for
Wastewater Facilities, provided by the Geat Lakes - Upper
M ssi ssippi River Board of State Public Health and Environnental
Managers, contain m ninumrequirenents for sludge processing
usi ng mechani cal dewat ering equi pnent, such as the plate and
frame filter press system can be applied to HTRW applications
and are summarized in this section for reference (GLUVRB 1990).
In addition to the sludge processing requirenents, the “Ten
States Standards” al so provide guidelines for wastewater
treatnent, including the design of influent piping systens,
treat ment processes, and di scharge. Although these are industry
accepted guidelines, the requirenents sunmari zed bel ow nay not be
applicable in every case and additional “site-specific”
requi renents may al so need to be addressed. 1In addition to the
information that follows in this section, a summary of design
cal cul ations are presented in Appendi x B, and desi gn exanpl es
that illustrate use of these calculations and the foll ow ng
sizing criteria are presented in Appendi x E.

7.1 CONCENTRATI ON RELATED.

Several prelimnary steps should be conpleted to ensure
adequate sizing. The first step that should be conpleted in the
initial design phases is the performance of a mass bal ance around
process units that generate sludge. This step will only provide
a basis for the anticipated volune of solids that should be used
for equi pment sizing. The next step should involve confirmng
the anticipated quantities of sludge generated foll ow ng
conditioning and treatability testing because the sludge vol une
may increase follow ng the addition of conditioning chem cals
such as |ine.

7.2 FELOW RELATED.

Several flowrelated factors that affect sizing criteria
shoul d be considered. Flow related factors can be categorized
into two separate categories: peak and m ni num fl ows and
equi pnent concerns.

7.2.1 Peak and M ni num Fl ows.

Because the filter press is a batch operation, the sizing of
the filter press and associ ated supporting systemis primarily
based on an average daily flow of liquid sludge and the percent
concentration of solids in the sludge feed. To conpensate for
peak flows, storage may be required prior to the dewatering
system as described in Subsection 7.2.2. Because the process is
a batch operation, storage should al so be provided for |ow fl ows
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to ensure an adequate anount of sludge is present to conplete the
sl udge dewatering cycl e.

7.2.2 Equipnent Concerns.

Fl ow rel at ed equi pnent concerns associated with sizing
criteria include those related to sludge punping, piping, and
storage. The follow ng sections provide reconmended requirenents
fromthe “Ten States Standards” (G.UVRB 1990).

7.2.2.1 Sludge Punping.

A detail ed discussion of sludge transport (i.e., punps)
equi pnent is presented in Section 4.4 of this appendix. The
followng mnimumsizing criteria and requirenents should be
consi dered for sludge punps:

Capacity. The volunetric capacity for the sludge punps wll
be based primarily on the filter press size and/or required
duration for the associated filtration (filling) cycle

peri od. The sludge punps should be adequately but not
excessively sized and shoul d be equi pped to handl e varying
capacities and pressures through the filter press cycle.

Nunber of Units. Duplicate units or standby units shoul d be
provi ded for each type of sludge transfer punp used. The
duplicate units should be sized with sufficient capacity to
handl e peak flows with the |argest unit out of service.

Type. A positive displacenent punp, such as a di aphragm
progressive cavity, or piston-type punp, should be used for
this sludge dewatering application. A general application
guide is presented in Table A-7 of Section 4.4.

M ni rum and Maxi mum Head. The m ni num head will be based on
the specific application required. |In general, a mninmm
positive head of 610 mm (24 inches) should be provided at
the suction side of the punp, and a maxi mnum suction |ift
shoul d not exceed 10 feet for plunger-type punps. An
additional safety factor of 10 to 25 percent should be
applied to the dynam c pressure to reduce the effects caused
by the thixotropic characteristics of the sludge.

Sanpling. Facilities. Unless additional provisions are
requi red, sanpling valves should be provided at the sludge
punps. The sanpling val ves should be quick closing val ves
of at least 1% inches that termnate at a suitably sized
sanpling sink or floor drain.
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7.2.2.2 Sludge Piping.
The follow ng mninmumsizing criteria and requirenments
shoul d be considered for sludge piping (GLUVRB 1990):

Size. Sludge withdrawal piping should have a m ni mum

di aneter of 150 mm (6 inches). M ninmumdianeters for punp
di scharge lines should be 4 inches for facilities treating
less than 22 L/s (0.5 ngd) and 8 inches for facilities
treating nore than 45 L/s (1 ngd). Short and straight runs
are preferred, and sharp bends and hi gh points should be
avoi ded. Al though not recommended, if |less than 4-inch

pi ping is used, additional cleanouts should be provided and
no sharp bends shoul d be present.

Head. The avail able head for gravity w thdrawal shoul d be
at least 7.5 kPa (30 inches) or greater as necessary to
maintain a 0.9 ms (3 fps) velocity in the w thdrawal pipe.

Slopes. Gavity piping should be laid on uniform grade and
alignnment. The slope for gravity piping should not be | ess
than 3 percent for sludge with greater than 2 percent solids
and shoul d not be less than 2 percent for sludge with | ess
than 2 percent solids.

Fl ushing. Blank flanges and val ves shoul d al so be provi ded
for draining, flushing, and cl eanout purposes.

Freeze Protection. All sludge piping should be adequately
protected to prevent freezing.

7.3 OPERATI ON RELATED.

Qperation related sizing criteria can be related to both
operation and mai ntenance | abor requirenents and equi pnent
requirenents.

7.3.1 Operation and Labor Requirenents.

QOperation and | abor requirenents are inportant
considerations in sizing equipnment because the plate and frane
filter press pressure systemoperates in a batch node. The
effects of operation and | abor requirenments on sizing equi pnment
can best be denonstrated by the follow ng exanples. First, if
one 8-hour operating shift is desired over two shifts, then the
dewat eri ng equi pnent for the fornmer case woul d be | arger unless
mul tiple units were used. Second, if the operation is based on a
5-day workweek instead of a 7-day week, the dewatering equi pnent
woul d need to be sized to store a portion anmount of the
addi tional sludge generated or have a filter capacity greater
than the daily sludge volune capacity generated. Typically, it
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is assuned the filter press will only be operated during one 8-
hour per day operating shift of a 5-day workweek.

7.3.2 Equi pnent Requirenents.

Operation related sizing criteria are also concerned with
t he equi pnent associated with the plate and frame filter press
and supporting systens such as chem cal handling (i.e.,
condi ti oning) and storage.

7.3.2.1 Sludge Processing Units.

The follow ng are general requirenents that should be
considered in sizing and designing the sludge processing units
(GLUVRB 1990):

General Provisions. Provisions should be nmade to maintain
service so that sludge may be dewatered w thout accumul ation
beyond the storage capacity. Miltiple units with a capacity
to dewater the design sludge flow wth the |argest capacity
unit out of service should be available or facilities should
be available to store the sludge fromat |east four days of
operation unl ess other standby dewatering facilities are
avai |l abl e.

Ventilation. Adequate provisions should be provided for
ventilating the dewatering area to avoid nui sance odors or
hazardous funes. Additional provisions for ventilation are
descri bed in Subsection 9.8. 2.

Chem cal Handling Systens. Facilities used for chemn cal
handl i ng shoul d be automated as nuch as possible to control
personnel exposure from manual operations. |n addition,
facilities that generate dust, such as |inme m xing
facilities, should be enclosed to prevent escape of dust.

7.3.2.2 Sludge Storage.
The foll ow ng general requirenments should be considered for
either liquid sludge or sludge cake storage units (GLUVRB 1990):

General Provisions. Appropriate storage should be provided
for both liquid and dried sl udge.

Storage Capacity. A storage facility capable of storing
four days* production volune should be provided unl ess ot her
standby dewatering facilities are avail abl e.

7.4 CYCLE TI ME.
Cycle tinme also plays a major role in the sizing of
equi pnent. The cycle tine not only consists of the tine required

A-101



ETL 1110-3-457
30 SEP 94

for the filtration cycle, but also includes the tine required for
cake di scharge and ot her operations, such as filter nedia
washing. Cycle tinme primarily depends on the filtration period
and degree of desired cake dryness. Typical cycle tines for

vari ous sludge dewatering applications for both fixed-volunme and
vari abl e-\volune filter press applications are presented in
Tables A-4 and A-5, respectively. Based on the anticipated

sl udge | oadi ng divided by the cycle tine and operations and | abor
requi renents, the sludge volune and opti num nunber and size of
filter presses required can be determned. An exanple of this
determ nation is presented in Appendi x E.
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8.0 CONSTRUCTI ON MATERI ALS AND | NSTALLATI ON CONSI DERATI ONS
This section presents considerations for both construction
materials and installation of the filter press.

8.1 CONSTRUCTI ON MATERI ALS.
The subsections that foll ow address construction materi al
considerations for filter press applications.

8.1.1 Filter Press Conponents.
The subsections that foll ow address construction materials
considerations for filter press conponents.

8.1.1.1 Structural Frane.

The structural frame is typically fabricated of carbon
steel. The structural franme should be designed to provide a
conpletely integrated structure sufficient to support the entire
wei ght of the filter plates and withstand the operating
pressures. Coatings and materials should also be selected to
m nimze corrosion. The structural frame should be installed as
di scussed in Section 8.2, |Installation Requirenents.

8.1.1.2 Plate Mterials.

The selection of the construction material for filter plates
depends on several factors. The key factors that should be
considered in the evaluation of appropriate construction materi al
i nclude mass and strength. Because nmass and strength of
materials are interrelated, the design should consider tradeoffs
bet ween greater nmass/less strength and | ess mass/ greater
st rengt h.

The mass of the plate can affect the followng itens: ease
of handling during installation, cleaning, inspection, and
changing filter cloth; cost and overall weight of the press; and
additional structural costs for the building that houses the
press. Although the application may not require the heavier
filter press plates, it can be beneficial to include provisions
in the initial building design to handl e heavier plates for
future installations.

Strength is an i nportant aspect because of the high
operating pressure. 690 to 1550 kPa (100 to 225 psi), and
potential uneven force distribution that may occur during the
filter cycle. Uneven distribution can cause plate deflection and
def orm ng, bl owout, and increased filter wear. These overall
effects increase as plate sizes increase. To conpensate for
these effects, plates of Iower strength are typically constructed
with larger stay bosses, which reduce cake vol une between pl ates.
This reduction in volunme leads to a | arger nunber of required
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pl at es, added structural franme |ength, and additional building
space requirenents to achieve a given volune for |esser strength
pl ate material s.

Fi xed-volunme filter press plates are commonly available in
pol ypropyl ene gray cast iron, ductile iron, and epoxy or rubber
coated steel. Variable-volune press plates are al so commonly
avai l abl e in polypropyl ene, ductile iron, and steel and are
equi pped with an el astoneric di aphragmtypically constructed of
pol ypropyl ene. Pol ypropyl ene plates are the nost commonly used
pl at es because of their excellent chem cal or corrosion
resi stance, their lighter weight eases handling, and their | ow
initial cost. Plates constructed of polypropylene are typically
applicable for all sludge applications for pressures of 1550 kPa
(225 psi) and below for tenperatures less than 90 C (200 F).
Above this criteria, glass filled polypropyl ene or nylon
constructed plates are recommended. Although the strength of
pol ypropylene is less than iron and steel, the plate thickness
and additional stay bosses are used to conpensate for the | ower
strength of these plates. Cast iron and ductile iron plates are
the nost durable plate construction materials because of their
strength and chem cal and corrosion resistance. However, they
are nore costly and wei gh considerably nore than the
pol ypropyl ene plates. Epoxy-coated and rubber steel plates offer
lower initial costs than the iron plates and have noderate
strength, weight, and chem cal resistance. However, these plates
are susceptible to corrosion and chem cal resistance if the epoxy
coating is not maintained or the rubber covering cracks.

8.1.1.3 Filter Media.

The initial selection of filter media is one of the nost
i nportant equi pnent variables for filter press applications.
| nportant aspects of filter nedia selection include durability,
ease of cake release, mninmum blinding, and chem cal resistance.
These aspects can be addressed by the evaluation of materials of
construction, perneability, and overall construction and weave.
| f properly installed and maintained, the |life expectancy of a
filter media is between 1,000 to 4,000 cycles (WPCF 1983). In
nost cases, the initial filter nmedia selection will be based on
manuf act urer *s experiences fromsimlar applications.

Filter nedia are available in several materials and
different perneabilities. The nost commonly used materials
i ncl ude pol ypropyl ene, pol yester, and nylon. Polypropylene is
the nost comonly used material due to its durability and
resistance to ferric chloride and |inme conditioning chem cals and
acid solutions used in filter nedia washing system but it is
l[imted to operations below 90 C (200 F). Polyester is slightly

A-104



ETL 1110-3-457
30 SEP 94

nore durable than other material because of its | ow stretching
ability; however, it is expensive. Nylon is typically only used
in applications where no adverse effects may result from

chem cals used in conditioning and nedia washing (i.e., acid wash
sol ution).

The overall construction and weave are al so inportant
aspects of the filter nmedia. The nedia construction typically
consists of either nonofilanment, multifilament, or spun fibers.
The filter nmedia constructed multifilament fiber warp,
nmonofil ament fiber weave, and satin design weave are typically
used because of their snmooth surface characteristics, which help
i nprove cake rel ease properties and reduce nedi a blinding.
Cal endaring is an optional nethod used to increase the snoothness
of the filter nedia by heat pressing or ironing the filter nedia
to provide a finish that increases cake rel ease.

perneability is a neasurenent of the openness of the weave as
determ ned by air flow through at given area of nedia at a given
pressure drop. The perneability used for typical application
ranges froml1l.5to 2.4 L/s (3 to 5 scfm as neasured on the
Frazier Scale, which neasures the anmount of air that passes
through a wetted cloth at differential pressure of 1 atnosphere.
The perneability of the filter cloth may change through use
because of inpregnation of solids, swelling of material, and

di stortion of the weave. Although perneability affects the
initial stage of filter cake formation, once the filter cake
formati on begins, the filter cake itself serves as the filter
medium and is relatively independent of the filter nedia (cloth).
O her aspects such as nedia blinding and cake rel ease are al so

i nportant aspects of filter nmedia perneability.

In addition to general construction aspects, stay bosses and
pl ate perinmeter are often reinforced to i nprove wear of the
media. This reinforcenent typically consists of an additional
| ayer of media, inpregnation with a coating, or insertion of a
different material. However, if reinforcenent is used, the
t hi ckness at all |ocations should be uniformto alleviate the
potential of plate deflection or blowouts.

The attachnment of the cloth to the plates is also an
i nportant aspect of filter nedia construction. The non-gasketed
type of filter nedia nmay be attached by non-gasketed or gasketed-
type filter media. Filter nmedia are placed on the faces of the
pl ate and fastened through grommets | ocated around the perineter
wth ties to the filter nedia on the opposite side of the plate.
A sewn loop is typically attached to the top edge of the filter
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medi a through which a rod is inserted to provide uniform support
of the filter nedia across the press.

Filter nedia can al so be attached to the plates using a
gasket at the perineter of the recessed area. The advantage of
the gasketed filter nedia plate is | ess | eakage than the non-
gasketed plate due to the seal around the recessed chanber and
filtration ports.

8.1.2 Filter Press Accessories and Auxiliary Systens.

The subsections provide an overvi ew of construction
materials considerations for filter press accessories and
auxiliary systens. Additional information on construction
materials for specific applications is presented in the foll ow ng
reference: WEF 1992.

8.1.2.1 Chem cal Feed Systens.

Chem cal feed systens associated with filter presses
primarily include those related to sludge conditioning, such as
lime, ferric chloride, and polyners. The primary design concern
for construction materials for facilities handling conditioning
chem cals, such as line and ferric chloride, are scaling and
corrosi on probl ens.

Al t hough not corrosive, linme slurry tends to cake and |ine
pi ping systens with cal cium carbonate scale. To reduce
mai nt enance of the facilities, the distance fromthe lime slurry
day tank to the sludge conditioning tank should be m nim zed and
fl exi ble hose with quick disconnects should be utilized for
pi ping. Mst materials that are standard for industry, such as
carbon steel, are suitable tanks and piping handing linme slurry.

Because the ferric chloride solution may range in pH from3
to 5, appropriate materials should be considered. For storage
tanks suitable materials of construction include nost plastics,
fiberglass with vinyl or polyester resin material, titanium and
rubber-lined steel. For piping and equi pnmrent suitable naterials
i ncl ude chlorinated polyvinyl chloride (CPVC), polyvinyl chloride
(PVC), polypropyl ene, hypal on, and neoprene.

Pol ymers are not corrosive, therefore, suitable construction
materials include PVC, fiberglass reinforced plastic (FRP), and
stai nl ess steel.

8.1.2.2 Oher Auxiliary Systens.
O her auxiliary equi pnent associated filter press
applications wwth specific material construction considerations
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i ncl udes sl udge storage, sludge conditioning, precoat, and filter
medi a wash systens.

Sl udge storage includes storage for both liquid and cake
storage. Suitable materials for |iquid-sludge storage tanks
typically include carbon steel wth a suitable coating systemfor
smal | er tanks and concrete for very large tanks. Tank equi pnment,
such as m xers, should be constructed of corrosion-resistant
mat eri al such as PVC, polyethylene (PE), or stainless steel.
Construction materials for sludge cake storage receptacles, such
as hoppers, typically includes carbon steel with a suitable
coati ng.

Sl udge conditioning equipnent primarily includes a storage
tank and m xi ng equi pnent, in addition to conditioning chem cal
feed systens.

Mat erials of construction for conditioning chemcals such as
lime, ferric chloride, and polyners os discussed in Subsection
8.1.2.1.

Suitable materials for sludge conditioning tanks may include FRP
and coated steel.

Precoat equi pment typically includes a precoat tank and
m xer, punp, and chem cal feed system Because of the abrasive
characteristics of material used as precoat, such as di at onat euos
earth, suitable materials for construction typical for the
precoat tank and chemi cal feed systemis typically limted to
coated and stainless steel, although plastic may be suitable to a
| esser extent. Suitable materials for the precoat punp is
described in Subsection 4. 3. 2.

Filter nmedia wash systens typically used for filter press
applications include both water and acid wash systens. No
specific materials are required for the water wash system
al t hough pol ypropyl ene, pol yet hyl ene, and FRP are suitable for
this application. Because the acid wash systemtypically
i nvol ves the use of diluted hydrochloric acid, corrosion-
resistant materials such as FRP and rubber-lined steel are
suitable for tanks, and PVC is suitable for piping.

8.1.2.3 Sludge Punps and Pi ping.

An overview of construction materials for punps used for
sludge feed is presented in Subsection 4.3.2. WMterials suitable
for sludge piping for filter press applications typically include
PVC, carbon steel, and stainless steel (WEF 1992). However, only
carbon steel and stainless steel is reconmmended for operating
pressures greater than 690 kPa (100 psi).
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8.1.3 Additional Consideration-Corrosion Protection.

Corrosion protection is also an inportant design consideration
because of the frequent use of washing systens (water and acid)
and because of the use of corrosive conditioning chemcals, such
as ferric chloride. Therefore, the use of corrosion-resistant
mat eri al s and coatings should be considered for the press and
supporting systens, such as the chem cal handling systens used
for bulk storage, and feed and associ ated equi pnent, such as

pi ping systens. Several areas |ocated wwthin the filter press
system may be subject to potential corrosion problens. The
primary area of concern is the area directly around the filter
press. This area is of concern because of the use of high-
pressure water filter media washdown systens. These washdown
areas may require the area around the press to be constructed
Wi th corrosion-resistant materials, such as ceramc-tile for

fl oor and wall coverings.

8.2 | NSTALLATI ON REQUI REMENTS.
The filter press system and supporting systens should be
| ocated in a covered building to avoid exposure to severe weat her
that could affect sludge characteristics and overall success of
t he dewat eri ng process.

The structural |oad inposed on the building foundation from
the filter press can be substantial. |If installed properly, the
press should only exert load in the vertical direction, with al
hori zontal | oad being maintained within the structural frane of
the press. The press should also be aligned properly to avoid
war pi ng of the structural frame and tw sting of anchor bolts.

Layout and access to the filter press are inportant aspects
of the filter press design because of the weight and size of the
press and the use and interrel ationship of several support
systens (WEF 1992). A typical |ayout and building cross section
of a multiple-unit filter press dewatering systemare shown in
Figures A-10 and A-IIl, respectively. A typical |ayout of a
single press dewatering systemis also presented in Figure A-12.
The size of the press and the required cl earance space govern the
overall space required. A mnimmof 1.2 to 1.8 m(4 to 6 feet)
shoul d be all owed around the ends of the press, and a typi cal
clearance of 1.8 to 2.5 m(6 to 8 feet) is required between
presses. Storage space should be sufficient to allow roomfor
spare filter plates, filter nedia, and other spare parts. Height
cl earance for renoval of plates should also be considered and is
dependent on the size of the plates and franme size and
construction. An elevated platformis often placed on one side
of the press to allow operators access for inspections and
assisting in sludge cake release, as required. The other side
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shoul d remain open to allow for equi pnment access. If multiple
presses are used, a conmmon pl atform should be | ocated between the
presses.

The buil ding | ayout should al so be designed to allow for
installation and renoval of equipnment. Layout design
consi derations include adequately sized openings to all ow passage
of maj or equi pnent conponents such as the fixed and noving end
and pl ate support bars. An additional consideration is the

installation of an overhead bridge crane, nonorail, or hoist
rated to carry the heaviest individual press conponent during
installation, repair, and renoval. Typical filter press

installations are also provided on a second story or are elevated
to allow direct disposal into storage receptacles or trucks for
renoval and di sposal of cake.

If truck-loading facilities are used in the disposal
processes, facilities should be designed with anple clearance and
sized for a variety of vehicles. The m nimum cl earance shoul d be
4.2 m(13.5 feet). |If possible, one-way traffic or drive-through
traffic is preferred to drive-ways that require trucks to back in
and out.
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9.0 OPERATI ON AND NMAI NTENANCE.

This section presents a sunmary of typical operation and
mai nt enance requirenments and considerations for plate and frane
filter press systens. In addition, a summary of common
operational problens and associ ated renedi al neasures or process
interferences is presented.

9.1 PROCESS | NTERFERENCES.

Process interferences may occur from design or operational
shortcom ngs. Although these interferences do not occur
frequently, this section provides a discussion of the nost
comonl y occurring design and operational shortcom ngs, resultant
probl ens, and potential solutions. Process interferences for
filter press applications can be categorized into the follow ng
areas of concern: equipnent quality problens, operational
probl ens and concerns, process integration, and auxiliary system
selection. A sunmmary of the nost conmon design and operati onal
shortcom ngs and potential renedial neasures are presented in
Tabl e A-9.

9.1.1 Equipnent Quality Problens.
Maj or equi pnent problens that nmay occur include plate
deflection, filter cloth wear, and stay boss deterioration.

9.1.1.1 Plate Deflection.

Pl ate defl ection can be caused by several factors including
high differential pressure across the filter plates, residual
sl udge buil dup on plates, and uneven sludge distribution and cake
formation. To reduce the high pressure across the filter plates,
the operating pressures may be reduced to | ower sludge filling
pressure (i.e., 690 kPa [100 psi]). Although sone applications
require higher pressures to achieve desired dewatering results
(i.e., 1550 kPa [225 psi]), nost applications do not require
them For exanple, a lower pressure unit (i.e., 690 kPa [ 100
psi]) may give the sane results as a higher pressure unit (i.e.,
1550 kPa [ 225 psi]) for a nonconpressible sludge such as netals
hydr oxi de sludge. A nore detailed explanation of appropriate
pressure applications are further defined in Tables A-4 and A-5
in Section 3.3. To reduce sludge of buildup on plates, plates
shoul d be washed nore frequently. Renedial neasures for uneven
sl udge distribution and cake formation are described in
Subsection 9.1.2.3 with operational concerns.

Pl ate defl ection problens are nore comon w th pol ypropyl ene
than cast iron plates. For exanple, the life expectancy of a
pol ypropyl ene plate that is larger than 48 inches square is
approximately 5 to 7 years as conpared with ductile iron plates,
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MOST COVMON DESI GN AND OPERATI ONAL SHORTCOM NGS
OF FILTER PRESS | NSTALLATI ONS

Shor t coni ngs

Resul t ant Probl ens

Sol ution

| mpr oper
condi ti oni ng
chemicals utilized.

Blinding of filter cloth
and poor cake rel ease.

Swi tch conditioning
chemical s or dosages.

Insufficient filter
cl ot h washi ng.

Blinding of filter

cl oth, poor cake

rel ease, |onger cycle
time required, wetter
cake.

I ncrease frequency of
washi ng.

Inability to
transport dewatered
cake from dewat ering
bui | di ng.

Cake buil dup and
spillage onto the floor

Install cake breakers;
redesi gn angl e of
Screw conveyors or
belt conveyors to 15°
maxi mum angl e.

Al ternatively, use a
heavy-duty flight
conveyor .

| mproper filter Poor cake di schar ge; Change nedi a.
cloth media Difficult to clean

speci fi ed.

| nadequat e Poor cake rel ease. (1) Try two—stage

facilities when

dewatering a

di gested sl udge

with a very fine
floc.

conpressi on “punpi ng"
cycle with first stage
at low pressure to
build up dewat ered
sludge on the filter
“medi @a” before
increasing to the
second- st age hi gher
operating pressure.

(2) If this fails,
vary conditioning or
install precoat
storage and feed
facilities.

Feed sludge is too

dilute for efficient
filter press
operation.

Long cycle tine and
reduced capacity.

Thi cken sl udge before
feeding to filter
press.

Sl udge feed at only

Unequal sl udge

Use equalizing tank or

one end of |arge distribution within the |additional punp to

filter press. press. feed at opposite end
of press.

Source: EPA 1982
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whi ch have been known to be in operation nore than 35 years
wi t hout pl ate breakage (EPA 1986).

9.1.1.2 Filter Coth War.

Wear of filter nedia in areas around the stay bosses and the
perinmeter of the plates is a frequently occurring problem As
descri bed previously, stay bosses are raised areas on the filter
pl ate that provide additional support and reduce the potential of
deflection. As the pressure increases during the filter cycle,

t hese stay bosses and perineter areas of the plate press against
one another. However, during this process, mnor deflection may
occur that causes a rubbing action and excessive wear to the
filter nedi a.

Renedi al neasures for this probleminclude the use of
rei nforcenent such as an extra layer of material or different
type of material, or the use of stainless steel covers that fit
directly over the cloth nedia and stay boss. However, if the
former method is used, care should be taken to ensure that the
addi tional layer of thickness is equal to that around the
perinmeter of the plate to ensure proper sealing and mnim ze the
potential for plate deflection.

9.1.1.3 Stay Boss Deterioration.

Stay boss deterioration results from excessive wear caused
by plate deflection. This wear increases the flexing of the
plate and ultimately leads to plate breakage. Therefore, stay
bosses should be regularly inspected for deterioration and
repaired as required. Stay boss deterioration can also be
m nimzed by followi ng the renedial neasures listed for plate
defl ection in Subsection 9.1.1.1.

9.1.2 Qperations Concerns.

Common concerns related to the operation of the filter plate
system i ncl ude nonuni form sl udge feed distribution, inproper
sl udge condi tioning, poor cake rel ease, inoperable safety
curtains, inability to estimate the conpletion of the filter
cycle, and linme scaling. Although these problens may be
interrelated with the equi pnent design, these concerns can al so
be caused by changes in operations.

9.1.2.1 Sludge Feed Distribution.

Nonuni form feed distribution can cause a pressure
differential between plates that results in plate deflection,
pl at e breakage, and excessive wear to the filter nedia and stay
bosses. The primary causes of the nonuniformfeed distribution
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i ncl ude sludge punp stallout, prefiltration of sludge at the feed
end of the press, cloth blinding, and poorly conditioned sl udge.

The prefiltration problemtypically occurs in presses with a
| arge nunber of plates (i.e., 80 or nore) or when air is trapped
in the press. The effects of prefiltration include the formation
of sludge cake in the initial chanbers of the press or
prefiltering before all downstream chanbers are filled. To
remedy this problem the press can either be prefilled with water
prior to starting the sludge filtering cycle and then rapid
filled wth sludge, or the sludge can be fed into both ends of
t he press sinultaneously.

Blinding of the filter nmedia is another major cause of
unequal sludge distribution. Renedial neasures to elimnate
medi a bl inding include nodifying the sludge feed rate, changing
to a different type of filter nedia, and optim zing the
uniformty of the sludge feed by proper storage and bl endi ng.
The release of liquid sludge fromthe feed core during sl udge
cake discharge can also result in cloth blinding. This problem
may be renedi ed by using the optional core blowng feature to
remove this material prior to cake di scharge.

Poorly conditioned sludge may al so cause uni form feed
di stribution. |nproper sludge conditioning and associ at ed
remedi al neasures are descri bed bel ow

9.1.2.2 Leakage.
During normal operation, a small anmount of |eakage w |

typically occur between the filter plates. Generally, with
continued solids buildup, the | eakage will be reduced. However,
excessi ve | eakage can occur because of |ow hydraulic pressure,
winkles or holes inthe filter media, and filter cake buildup in
surface joints.

Renedi al neasures that can be used to mnimze or stop
| eakage include increasing the sludge feed pressure, replacing
the filter nedia, and cleaning or renoving sludge cake buil dup
fromsurface joints. |In addition to these renedi al neasures,
plates with gasketed filter nedia can be utilized.

9.1.2.3 Ilnproper Sludge Conditioning.

Several factors may cause inproper sludge conditi oning,
i ncl udi ng under dosing or overdosing with conditioning chemcals
or inadequate mxing. To renedy this condition, the conditioned
sl udge shoul d be evaluated frequently. A detailed description of
sl udge conditioning tests is provided in Section 6.0.
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9.1.2.4 Poor Cake Rel ease.

Poor cake rel ease can be caused by worn or inproper filter
medi a, |ack of precoating of filter nedia, or poorly conditioned
sludge. The effects of poor cake release result in increased
cycle tine, increased frequency of filter nedia washing, and
potential filter nmedia damage.

Several renedial neasures can be perfornmed to reduce these
effects. If the filter nmedia is worn, it should be repl aced.
| f, however, poor cake release still occurs, then a filter nedia
of different construction material, perneability rating, and/or
surface finish may be required.

Poor cake release may also result from“too wet or sticky”
sl udge cake. For this situation, the use of a precoat system may
be required. Precoat systens are described in Subsection 4.6. 2.

Poorly conditioned sludge may al so cause poor cake rel ease.
To renediate this situation, sludge conditioning should be
optim zed by performng tests, such as the CST or Buchner funnel
test, on the feed sludge and by naking the proper chem cal dosage
adj ust nent s.

9.1.2.5 Slow Filtration Rates.

Many types of sludge (i.e., activated sludge) may have
slower filtration rates, |longer cycle tinmes, and/or |ower solids
content even wth conditioning because of their inherent
dewat ering characteristics. However, if slower than anticipated
filtration rates occur and a wet sludge cake is produced, filter
medi a blinding may be indicated. To alleviate this condition,
filter media shoul d be washed.

9.1.2.6 Cdoudy Filtrates.

At the beginning of the filtration, the filtrate is
typically cloudy, unless a precoat or filter aid is used.
However, if cloudiness persists, it may indicate that the system
pressure is too high or fluctuating too nuch, that the filter
media is torn, or that the sludge is poorly conditioned. To
remedy these conditions, a |ower pressure should be used, the
filter media should be replaced, or conditioning requirenent
shoul d be adj ust ed.

9.1.2.7 Determnation of Dewatering Cycle Conpletion.

Since the formation of the sludge cake cannot be observed,
the end of the filter cycle is typically based on experience of
filtration tinme required from previous runs and, to sone extent,
on the el apsed cycle tine when the filtrate fl ow has been reduced
to a mininum Because operation of the press involves the
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interrel ationship of several process variables, the successful
use of either timng nmethod requires experience with sludge
characteristics, conditioning, and press performance. During the
dewat eri ng process, these paraneters should be nonitored to
determne if adjustnents to conditioning dosages or cycle tines
are required.

9.1.2.8 Line Scaling.

When using linme in the sludge conditioning process, scaling
may occur in the sludge feed piping, on the filter nmedia, and on
the filter plates. |If scale is allowed to accumul ate, the cycle
time may be increased, throughput may be reduced, cake rel ease
may be a problem cake dryness may be reduced, and/or the filter
medi a may be bl i nded.

Renedi al neasures that can be used to mnimze the line
scaling results include using an acid wash systemto periodically
remove the scale buildup or changing the conditioning chem cals
fromlime to polyners. Although polyners may work well in sone
applications, testing should be perforned to ensure that adequate
dewat eri ng effects occur.

9.1.2.9 Light Curtain Reliability.

The light curtain is designed to protect operators from
injury when the closing or plate shifting nmechanismis operating.
However, due to equi pnent corrosion, electrical failure, or
faulty alignment of the transmtter and receiver, the |light
curtain may not be functioning. Because this equipnent perforns
as a safety device, it nust be kept in proper working order and
shoul d be checked routinely as part of the operation and
mai nt enance procedures.

9.1.3 Process Integration.

Few process integration problens occur with filter presses
inrelation wwth other treatnent or processes because they can
handl e nearly all types and m xtures of sludge and operating
criteria can be nodified because of their batch operation. One
probl em that may occur invol ves nonuniform sl udge feed
characteristics. Although the filter press system can
accommodate a variety of sludge, to provide the nost efficient
performance, the sludge feed should be bl ended and conditioned to
mai ntai n the sludge continuity throughout the filtration cycle.

9.1.4 Auxiliary Systens.

The problenms with auxiliary systens include corrosion of
pneumati c cylinder and excessive msting fromfilter nedia
washi ng systens.
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9.1.4.1 Pneunatic Cylinder Corrosion.

Pneumatic cylinder corrosion and ultimate cylinder failure
can be caused from high noisture in conpressed air supplied to
filter press. This problemcan be resol ved by adding drying
equi pnent to the conpressed air system

9.1.4.2 Excessive Msting.

Excessive msting during filter nmedia washing can result in
corrosion and failure of nechanical devices, instrunentation, and
el ectrical devices. Renedial neasures to reduce or elimnate
this probleminclude using brush assenblies or spray curtains to
contain the m st.

9.2 STORAGE REQUI REMENTS.

St orage requirenents and design considerations for liquid
sl udge and sl udge cake have been discussed in several sections in
this appendi x. Section 4.2 provides considerations for liquid
sl udge storage, Section 4.8 provides considerations for sludge
cake storage, and Subsection 7.3.2.2 provides storage sizing
requi renents for both liquid sludge and sl udge cake.

9.3 UTILITY REQUI REMENTS.

Al though utility requirenents will be specific to the
i ndividual facility, a summary of typical utility requirenments
for filter presses and supporting equipnment is discussed in the
foll ow ng subsecti ons.

9.3.1 Power.

Al t hough power requirenents are both system and equi pnent
specific, the typical filter press systemrequires power to be
supplied at 480 volts, three-phase, 60 Hz. This power is
typically supplied to a single power distribution systemthat
di stributes the power to individual notors and equi pnent
requi ring 460 volt/three-phase/ 60 Hz supplies and to control
power transformers that supply power to all conponents of the
system havi ng | ower power requirenents (i.e., 120 vol t/one-
phase/ 60 Hz).

9.3.2 Energency Power.

Because the operation of the filter press systemis
primarily a batch operation, the need for energency power for the
sl udge dewatering systemprinmarily depends on requirenents of the
overall treatnent systemand rel ated process system Therefore,

t he need for emergency power should be evaluated on the basis on
the entire treatnment schene and not just on the basis of the
dewat eri ng system

9.3.3 Ar.
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Air is typically required for instrunment controls (i.e.
pneumatic controls), sludge feed punps (i.e., air diaphragm
sl udge punp), for core and/or air manifold bl ow ng, and for
inflation of diaphragnms for the variable-volune filter press
system Air is typically required to be supplied at 690 kPa (100
psi) fromthe air conpressor system and should be dry and oi
free. |f higher pressures are required, an air receiver tank and
a pressure regul ator system should be used in conjunction with
the air conpressor system Additional design considerations for
air conpressors and associ ated equi pnment are presented in Section
4. 8.

9.3.4 Water.

Auxiliary water may be required for filter press operations
such as chem cal conditioning and preparation of acid wash
solution, filter nedia washing, and inflation of the diaphragns
for the variable-volune filter press system Specific
requi renents, rates, and pressures at which auxiliary water w |
need to be supplied will be both application and equi pnent
specific. A backflow preventor should be required for al
utility water sources to prevent cross-contam nation of clean
wat er from sl udge sources.

9.4 SYSTEM STARTUP

System startup procedures and sequences of operation wll
vary, depending upon the filter press application and type of
equi pnrent used. For exanple, if the filter press application
requires conditioning prior to startup of the punps that transfer
sl udge to the conditioning m xing tank, the conditioning chem cal
shoul d be prepared so that it can be added sinultaneously with
the raw sludge. In addition to auxiliary systens, the filter
press equi pnment will also have a specific sequence of operation.
Typi cal sequences of operation for fixed-volunme and vari abl e-
volume filter press systens are described in Subsections 9.5.1
and 9.5.2, respectively. However, for specific types of
equi pnent used, the manufacturers or equipnment suppliers startup
procedures should be foll owed and incorporated with the use of
ot her equi pnent .

9.5 SEQUENCE OF OPERATI ON.

The sections that follow present typical sequences of
operation for both fixed-volunme and vari abl e-vol une plate and
frame filter press systenms. The sequences of operations provided
are based on the assunptions given for each of the systens
descri bed bel ow. The sequence of operation used for actual
applications will be based on the type of filter press used and
associ at ed supporting systens such as conditioning systens,
precoating systens, core blowing and air bl ow ng manifold
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systens, and filter nedia wash systens (i.e., water wash or acid
wash) .

9.5.1 Fixed-Volunme Press Operation.

A typical sequence of operation for a fixed-volune plate and
frame filter press systemis presented below. For the sequence
described, it is assuned that the systemis sem automatically
controll ed and the press operator has manual control over and/or
override control over several functions of the filtration cycle.
It is also assuned that this systemis equi pped with a variable
flow rate/ pressure feed punping system a filter nmedia precoat
system a core and air blowing manifold system and both water
and acid wash filter nedia systens. The typical operation
sequence is as follows.

a. The closure (i.e., hydraulic or el ectronechanical)
device is engaged closing all the chanbers of the press.

b. The press is prefilled with water, and the filter nedia
precoat systemis engaged. The precoat cycle is then allowed to
operate for a m ninmum of three passes.

c. Followng the precoat cycle, while maintaining a
constant pressure within the press, the sludge feed punp system
is started and allowed to fill the press at the specified high
flowrate and | ow pressure.

d. After the initial fill period is conpleted, the punping
system fl ow rates and pressures should be inversely stepped or
adj usted (e.g., flowrate should be decreased and pressure should
be increased) until the term nal pressure and/or mnimal filtrate
flow, or cycle tine is achieved.

e. After the conpletion of the filtration cycle, the feed
punp system shoul d be shutoff, and conpressed air should be bl own
through the feed core and filtrate manifold to renove any
remai ni ng |iquids.

f. The closure device is then opened, and plate shifting
and sl udge cake discharge is initiated.

g. Follow ng sludge cake renoval, and as required, the
plate and filter nmedia water wash operation is initiated. The
wat er wash consists of the foll ow ng sequence:

1 Start the wash water punping system

1 Open the filter press.
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I Shift and wash one plate at a tine.
I After the last plate has been washed, turn off the wash

wat er punpi ng system

After conpleting the water wash, and as required, an acid filter
medi a wash is perforned. The acid wash consists of the foll ow ng
sequence:

1 Cl ose the press and ensure all valves not related to
the acid wash systemare in the closed position.

Open the outlet valve to the acid recircul ation tank
and the valve to the acid feed punp system

Start the acid feed punp and all ow the chanbers of the
press to fill. Allowthe punp to continue to run and
recirculate the acid while occasionally inspecting the
press for | eakage.

After conpleting several recirculation cycles, turn the
acid punmp off. After the acid punp is turned of f,
followwth an air blowng cycle, simlar to that
described for the normal sludge filtration cycle, to
purge acid fromthe filter press.

I Close all acid feed and recircul ati on val ves.
1 Open all normal press operation val ves.

9.5.2 Vari abl e- Vol une Press Operation.

A typical sequence of operation for a variabl e-volune plate
and frame filter press is described below. For this sequence of
operation, it is assuned that the variabl e-volune press systemis
fully automati ¢ and equi pped with a core blow ng system and a
fully automatic wash systemthat allows a high-pressure water
wash on both sides of the filter nedia. The typical automatic
operation sequence is as foll ows:

a. The closure device is engaged closing all the chanbers
of the press.

b. The feed punp is started, and the feed is introduced at
the initial specified fill flowrate and pressure.

c. After conpletion of the initial fill cycle, high-
pressure water is punped into the diaphragns at the m ni mum
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speci fied pressure causing the diaphragns to expand and the
sludge to dewater to its appropriate dryness.

d. After the sludge is dewatered to the appropriate
dryness, the feed punp is stopped and conpressed air is bl own
through the feed pipe and filtrate manifold to renove any
remaining liquids. The water in the diaphragnms is also renoved,
and the diaphragns are returned to their original position.

e. The hydraulic closure device is then depressurized and
the filter plates are separated all owi ng the sludge cake to
di schar ge.

f. Follow ng sludge cake renoval, the filter nedia is
washed on both sides, if required, and then returned to its
original position.

9.6 MAI NTENANCE REQUI REMENTS.

Mai nt enance requirenments for filter press applications
i ncl ude neasures to maintain normal operation, such as cleaning
and lubrication, and preventive maintenance activities, such as
periodi c inspections and repl acenent of worn equipnment. A
summary of typical paraneters and schedul e of normal and
preventative mai ntenance is presented in Table A-10.

9.6.1 d eaning.
Cl eani ng should be perforned for general housekeeping

purposes in addition to maintaining equipnmrent in proper operating
condi ti ons.

9.6.1.1 Filter Plates and Filter Media d eaning.

Cleaning of filter plates and filter nedia is an inportant
aspect of maintaining filter press performance, as well as
preventing damage to equipnment. During the filter cycle, sludge
particles remain on the filter nmedia due to repeated use or
because of poor cake release and eventual |y becone i nbedded in
the cloth causing blinding. Blinding results in poorer sludge
cake quality and | onger cycle tines because a |less effective area
is available for filtrate to exit. Blinding can also result in
pl ate damage from defl ecti on caused by unequal filter cake
formati on and unequal pressure distribution.

As described previously in Subsection 4.6.3, tw types of
filter plate and nedi a washi ng systens can be used dependi ng on
the specific filter press application. Filter nmedia water
washi ng systens are described in detail in Subsection 4.6.3.1
The frequency can be based on experience and occasi onal
i nspections perforned by the operator to check the nedia for
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bui | dup of residual cake deposits and on nonitoring of the
cunul ative filtrate flow versus tine intervals that occur over
the normal filtration cycle.

Aci d washi ng, as described in Subsection 4.6.3.2, is used
primarily for filter press applications that include chem cal
conditioning wth [ime. This type of washing is used to free
i npregnated solids, such as linme scale buildup, that causes a
decrease in the filter loading rate and an i ncrease of the
filtration cycle tine.

9.6.1.2 Oher deaning Considerations.

In addition to plate and filters, other cleaning
consi derations include elenents associated with the hydraulics
and pneumatics. Elenments that may require periodic cleaning or
repl acenent include itens such as oil and air filters. A summary
of the general paraneters that require periodic cleaning is
presented in Table A-10. 1In addition to these itens, additional
recomendations for periodic cleaning are provided by
manuf act urer*s specifications.

9.6.1.3 Additional Housecl eaning Design Considerations.

A maj or conponent that requires housecl eani ng consi derations
is the sludge cake handling system For exanple, the cake
handl i ng system may consi st of a conveyor system which may bounce
and roll and cause sludge to splatter or cling and accunul ate at
each transfer point. The use of a cake breaker may al so
contribute to these effects. To renmedy this situation, the
nunber of transfer points and distances of drop should be
mnimzed. Oher renedies include the use of flexible chutes and
skirt boards. V-shaped or rounded drip trays that are w der than
t he conveying system can al so be installed beneath the conveyi ng
systemto provide collection and drai nage of wash down water
Addi ti onal housekeepi ng design considerations for direct disposal
of sludge cake into storage receptacles are also presented in
Subsection 4. 8. 2.

9.6.2 Lubrication.

Lubrication should be provided for all noving parts that are
subject to wear. As shown in Table A-10, several areas require
normal preventative mai ntenance and | ubrication of the filter
press. For the specific applications, the press manufacturer>*s
specifications should be followed. It should also be specified
t hat accessible grease fittings should be provided for grease-
type bearings and that bearings should be provided with relief
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* More frequent filter nedi al

washing with water nay be required.
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ports to prevent buildup of pressure that may damage the bearings
or seals. The oil reservoir should also be liberally sized,
properly vented, and have an overfl ow opening to prevent
overfilling.

In addition to lubricating the filter press equi pnent,
supporting equi pnent such as air conpressors should be
periodically lubricated. For the frequency of maintenance and
specific lubrication details, the specific manufacturer*s details
shoul d be fol |l owed.

9.6.3 lnspections.

In addition to cleaning and | ubrication, periodic
i nspections are also an inportant aspect of preventative
mai nt enance. Inspections of the plates and filter nedia can
indicate torn filter nmedia at the stay bosses or perinmeter of the
pl ates, stay boss deformation, or plate warping may indicate
uneven pressure distribution or plate deflection. These effects
may eventually result in plate breakage.

In addition to inspections for adverse wear, inspection of
nor mal mai nt enance paraneters should al so be perforned. A
summary of typical paraneters and schedul es for periodic
i nspections for filter press equi pnent are presented in Table A
10.

9.7 SAFETY CONSI DERATI ONS.

Safety considerations primarily involve inadvertent
operation of the machinery while it is being serviced. Operation
practices and or precautions should be used to prevent acci dents.

9.7.1 Safety Features.

The nost commonly used safety features of filter presses are
fixed guards and |ight curtains. The prinmary goal of these
features is to prevent injury by preventing access while plates
are being shifted. Detailed descriptions of these features are
presented in Subsections 4.5.6.1 and 4.5.6.2, respectively.

9.7.2 Oher Safety Considerations.

O her areas of safety concern include protection from over
pressuri zation, proper chem cal storage and handling, and
adequate ventilation. Additional information on these safety
considerations are presented in the follow ng references: EPA
1986, WPCF 1983, and WEF 1992.

9.8 HEATI NG AND VENTI LATI ON
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9.8.1 Heating.
Heating requirenents are typical considerations in the

bui | di ng desi gn and depend on site conditions (WPCF 1983). 1In
general, the area around the press should be heated to prevent
any freezing. Areas of control should be designed to neet office
environnental conditions. The tenperature should be maintained
as constant as possible because tenperature can affect sludge
dewat eri ng characteristics. 1In addition to adversely affecting
t he sludge, tenperature can also affect the filter press

equi pnent. For exanple, in installations where rubber-coated
steel plates are used, the filter press and plate storage area
shoul d be mai ntai ned above 4 C (40 F) to prevent therma
contraction and resulting danage to the rubber covered plate.

9.8.2 Ventil ation.

Ventilation in the area of the filter press is an inportant
safety consideration for operator confort, odor reduction, and
protection fromfunes (WEF 1992). The area where the sludge is
conditioned is the primary concern because of the generation of
odors and funes. For exanple, when sludge is conditioned with
lime and ferric chloride, the pHrises and significant anmounts of
anmoni a may be generated and rel eased in the conditioning tank
and filter press. A mninumventilation rate of six air changes
per hour for summer ventilation and three air changes per hour
for wwnter ventilation should be applied (EPA 1986). Funes may
al so be emtted when the press is opened. Therefore, covering
and ventilating the area around the conditioning tank and filter
press shoul d be considered. Mre detailed information on the
design considerations for ventilation systens is presented in the
foll ow ng publication: WEF 1992.
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10.0 DESIGN AND CONSTRUCTI ON PACKAGE

The design and construction package for the filter press
sl udge dewatering system should include a design anal ysis,
drawi ngs and pl ans, and gui de specifications. This design and
construction package can be used as a stand-al one package or
integrated into an overall HTRWtreatnent plant design and
construction package. The sections that follow provide a brief
overview of the elenents of the design analysis, draw ngs, and
gui de specifications. In addition to the information provided
bel ow, a description of general types of design calcul ations
required is presented in Appendi x B and a checklist of design
docunents and associ ated elenents is presented in Appendi x C.

10.1 DESIGN ANALYSI S.

The design anal ysis should be performed in accordance with
Departnment of the Arny U.S. Arnmy Corp and Engi neers publication
“Engi neer and Desi gn--Design Anal yses,” Regul ation ER 1110- 345-
700. For filter press applications, the design anal yses should
i nclude, but not be [imted to, itens such as:

I A tabul ar summary and/or description of the
characteristics of the untreated sludge and desired
sl udge cake characteristics including:

— Influent characteristics (i.e., flowrate, influent
solids concentration, pertinent chem cal
characteristics, etc.).

— Conditioning requirenents (i.e., chemcals
dosages).

— Desired performance requirenents (i.e., percent
solids in sludge cake) and a description of the
met hods used for disposal of waste streans.

A tabul ar summary and description of the filter press
and the auxiliary systens used with the press (i.e.,
filter media washi ng systens) and supporting systens
(1.e., sludge feed systens, etc.). This information
shoul d i ncl ude:

— A brief description of each conponent and its
relation to other conponents within the dewatering
system

— Nunber of each conponent required, type,
desi gnation (nunber), and size or capacity.
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— Design demand and rel ated design criteria (i.e.,
pressures, punping requirenents, etc.).

A description of controls, instrunentation, and
proposed operating sequence. This description should
not only address how the dewatering equi pment wll be
interfaced within the dewatering system but al so
shoul d address how the dewatering systemis interfaced
with the treatnment processes that generate the sl udge
and ot her rel ated processes.

Al l cal cul ati ons necessary to support the sludge
generation capacity, equipnent sizing, chem cal
dosages, etc.

Exanpl es of manufacturer*s literature for the supplied
equi pnent .

10.2 DRAW NGS AND DETAILS FOR Bl DDI NG AND CONSTRUCTI ON.

Desi gn draw ngs should be provided for all dewatering
systens and equi pnent described in the design analysis in
sufficient detail to permt construction. The design draw ngs
shoul d i nclude provisions for indicating interfacing with other
treat nent processes. Draw ngs that should be provided and
coordinated with other treatnment process draw ngs include the
fol | ow ng:

I A site plan show ng the maj or conponents of the
dewatering systemand their relationship to existing
facilities.

A flow schematic di agran(s) show ng process flow,
solids handling, chem cal feed systens, etc.

A building layout including a floor plan show ng
equi prent | ayout and piping with tentative sizes.

A cross section through each building show ng pertinent
el evations and pi pe | ocations.

A conpl ete equi prment | ayout(s) that includes all major
equi pnent conponents, auxiliary and supporting systens,
and required piping, valves, neters, punps, etc.

A conplete control system |l ayout(s) that includes al
maj or equi pnment conponents, auxiliary and supporting
systens, and required piping, valves, neters, punps,
etc.
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1 A diagramof utility routing and requirenents.

10.3 GUI DE SPEC FI CATI ONS.

Gui de specifications should be prepared based on the
standard gui de specification CEGS 11360, PLATE AND FRAME FI LTER
PRESS DEWATERI NG SYSTEM  The gui de specifications should be
adapted to each specific application. Therefore, as required,
the standard gui de specification should be edited to include both
general and technical specifications for major equipnent,
auxi | iary and supporting systens, accessories, special naterial
or installation requirenents, and any references to rel ated
speci fications.
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